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PREFACE 


D.A. Russell* 


Among the nations of the Earth, Canada is unusually vulnerable to changes in global 
climatic patterns. It has been postulated that a world-wide warming of less than WG, à 
continued over the next two decades, would melt the sea ice in the Arctic Ocean. This could 
affect the economic basis, for example, of the construction of large transcontinental oil 
pipelines. Should the polar ice caps also melt, mean sea levels would rise 60 m and large 
areas of agriculturally productive coastal regions of Canada would be rendered suitable only 
for mariculture. Conversely, if annual temperatures were to return to levels normal for 
200 years ago, Canada would lose an estimated 75% of its grain export capacity. The historical 
record shows that such a decline could occur over a span of 20 years. The geological record 
further suggests that climatic changes leading to the onset and termination of major 
glaciations may take place over a span of only one to two centuries. 

The temporal framework of the discussions which follow is from 20,000 years ago through 
the modern, historical period. Much has happened in Canada during this interval. Ninety- 
seven percent of the country was covered by glacial ice only 18,000 years ago. A diverse 
assemblage of large mammals, approximating those inhabiting East Africa today, was becoming 
extinct in northern North America as agricultural societies emerged in the Near East. In 
recent times an industrial civilization has spread a mari usque ad mare with geologically 
astonishing rapidity. 

Thus the history of climatic change in Canada during the past 20,000 years is of great 
economic and theoretical interest. The integrity of Canadian society will almost certainly 
be stressed by significant alterations of weather patterns, perhaps within this century. It 
would be an enormous benefit to be able to predict these alterations based on a knowledge of 
past climatic fluctuations. The amplitude and tempo of climatic and biotic changes in Canada 
since 20,000 years ago also provide a fertile field for deriving concepts which will augment 
our understanding of more ancient environments. In this context, it is fascinating to note 
that the influence of astronomical factors on recent climates is a very active area of 
research, while climatic change in the remote past is more often interpreted as a result of 
geographical factors. 

The study of climatic change clearly deserves a high place in the list of national 
research priorities. It is confidently predicted that the interest, excitement and creative 
thought, which characterized the meetings hosted by the National Museum of Natural Sciences, 
will animate similarly-oriented research and policy-making groups in research institutions 


throughout Canada. 


*Paleobiology Division, National Museum of Natural Sciences, National Museums of Canada, 
Ottawa, Ontario, K1A OM8 


THE IMPACT OF CHANGING CLIMATE ON PEOPLE IN CANADA; AND THE NATIONAL MUSEUM OF NATURAL SCIENCES 
CLIMATIC CHANGE PROJECT 


C.R. Harington* 


The Impact of Climatic Change on People in Canada: Some Examples 


Geographically, Canada is highly vulnerable to climatic change. This is because of such 
factors as its northern position and the important mountain barrier on its western margin that 
lies athwart the easterly moving storm tracks. Continental glaciers spread out from centres 
in Keewatin, Ungava and Baffin Island during the last glaciation. Indeed, remnants of the 
Baffin ice survive in the Barnes and Penny icecaps. Studies of lichen cover there indicate 
that such areas are liable to relatively rapid growth of ice (Barry Se eile i7/)) 

To demonstrate Canada's vulnerability to climatic change, and its effect on human 
populations since the peak of the last glaciation, several cases will be mentioned. They 
apply to different regions of Canada (Figure 1) and have occurred at different times. 

First, I wish to consider early human populations in unglaciated parts of the Yukon 
Territory. Evidently they entered the country from Eurasia prior to the peak of the late 
Wisconsin glaciation and became established in the Old Crow Basin. Yet, there is no evidence 
to show that they survived the coldest period from about 25,000 B.P.** to 13,000 B.P. If this 
observation holds true, could severe climatic conditions during the latter period have 
resulted in withdrawal of the population, substantial reduction in its numbers, or extinction? 
Or did these people disappear later? Toward the close of the Wisconsin glaciation, important 
changes in the environment occurred which ushered in a new group of people — Palaeo-Indians. 
Bering Strait reopened then, and apparently easterly-moving storm tracks shifted northward 
until their source lay in that region, producing warmer, wetter conditions in northwestern 
North America. Consequently, large tracts of cool, dry, steppe-like grasslands, occupied by 
such species as saiga antelopes (Satga tatarica), gave way to expanding spruce forests and 
boggy terrain. More northerly areas, and those at higher elevations became tundra. Could 
such striking changes have led to the demise of large-horned bison (Bison crassicornis — 
apparently adapted to cool, dry grasslands), and the rise of western bison (Bison bison 
oectdentalts — apparently adapted to moister, more heavily wooded habitat) about 12,000 years 
ago? Similarly, perhaps other Pleistocene mammals that flourished in the region during the 
late Wisconsin, such as woolly mammoths (Mammuthus primigentus) and Yukon wild asses (Equus 
(Asinus) lanbet) also succumbed because of the rapidity of environmental changes at this 
critical period (Harington 1977). Presumably, these animals would have been confined to 
progressively smaller areas of suitable habitat, until they died out naturally or were 
exterminated by human hunters. In any case, there seem to have been important differences 


between the peoples that occupied the Yukon Territory before the peak of the Wisconsin 


* Paleobiology Division, National Museum of Natural Sciences, National Museums of Canada, 
Ottawa, Ontario, K1A OM8 


** Radiocarbon years before present (present taken as 1950). 


FIGURE 1: Locality map showing places mentioned in the text. 1 - Old Crow area, 


Yukon Territory, 2 - Central Arctic, 3 - Prairies, 4 - Davis Strait - 


Baffin Bay area, 5 - Halifax area, Nova Scotia. 


glaciation and at its close. Such differences may have paralleled the striking changes in 
climate that occurred then. The earliest known occupants of the Yukon probably hunted woolly 
mammoths, horses, large-horned bison, and caribou (Rangifer tarandus). They were adept at 
making bone tools. Most of the recognizable tools could have been used for working hides to 
provide clothing and shelter (Harington et al. 1975). In contrast, the Palaeo-Indians in 
northwestern North America apparently preyed largely on western bison and caribou, using 
many stone tools, including lanceolate and fluted bifaces (Cook and McKennan 1970, 

Thorson and Hamilton 1977, Gordon 1975, Wright 1976). 

Another case, involving the breakdown of a culture as a result of climatic change in the 
Canadian Arctic, is worth mentioning. People of the Thule culture were ancestors of the 
Inuit who now live in northern Canada and Greenland. The Thule culture arose in Alaska where 
people developed techniques for hunting large marine mammals, including the bowhead whale 
(Balaena mysticetus). The rapid dispersal of Thule people across the Canadian Arctic to 
Greenland (Figure 2) about 1000 years ago probably resulted from a warming climate that led 
to a widespread melting of sea ice in that region, which in turn provided fresh, suitable 
habitat for bowhead whales (McGhee 1970, Barry et al. 1977). Widespread winter settlements, 
each characterized by dwellings made from bones of several bowheads, and evidence of general 
use of the umiak*, indicate the former presence of open water in areas not navigable today 
because of heavy sea ice. The Thule people evidently abandoned the High Arctic by 1600 
because of deteriorating climate, subsequent major expansion of sea ice, and reduction of 
their major prey species, the bowhead whale, in the central Canadian Arctic. Thule people 
moved south, abandoning open water whaling in most places, and turning to hunting of ringed 
seals (Phoca (Pusa) hispida) from snow houses near the sea ice in winter. In summer, they 
hunted caribou and muskoxen (Qvtbos moschatus) inland. Presumably, ringed seals became more 
numerous and widespread in the Canadian Arctic as sea ice (to which the species is well 
adapted) became greater in extent and duration. Eventually, the remnants of the Thule culture 
were able to survive in 10 local bands, each having a slightly different dialect and way of 
life (Figure 3). The decline in art resulting indirectly from deterioration of climate is 
remarkable. Beautifully and intricately decorated ivory pendants, combs, needle cases and 
toys typical of the Thule culture contrast greatly with the relatively rough, highly 
functional hunting tools of the late Prehistoric Inuit (see for example McGhee 1978, Plates 
VII and VIII). 

One of the most spectacular results of climatic change was the dry period in the 
Canadian prairies occurring between 1928 and 1937. Its effects were accentuated by an almost 
simultaneous worldwide economic depression. Average temperatures increased over most of 
Canada in the 1920s and 1930s — particularly on the prairies in winter. The temperature rise 
coincided with a marked decrease in precipitation, producing "dustbowl" conditions (Thomas 
1974). The first signs of trouble appeared in 1928, when precipitation in many places was 
less than half that of 1927 (e.g. precipitation in Regina dropped by nearly one third). It 


was dry again in 1929, and subsoil moisture was nearly gone. In the spring of 1930, prairie 


* A large skin boat used for whaling and transport. 
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FIGURE 2: Probable area occupied by people of the Thule culture, 
the ancestors of the Inutt. (Courtesy of R. MeGhee and 
Van Nostrand Retnhold Ltd.). 
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FIGURE 3: Historic Inuit occupations of Arctic Canada. Areas oceupted by 10 
local bands derived from people of the Thule culture. (Courtesy 


of R. McGhee and Van Nostrand Reinhold Ltd.). 


farmers were worried, but optimistic enough to plant large crops. Then strong winds began. 
The winter was mild, and by the spring of 1931 great dust storms hit the prairies. Fine top 
soil blew away with newly planted seeds. It filled in ditches, buried fences, drifted up the 
sides of buildings and gouged giant holes in once productive fields (Figure 4). Dust sifted 
into all buildings in the region affected. It piled up in drifts on window sills and floors, 
penetrated closets and cupboards and even got into food. Prairie farmers specializing in 
wheat suffered some of the greatest hardships in the country. Unlike farmers in other parts 
of Canada who had more diverse crops, and who often had local markets for their fruit and 
vegetables, there was no place to sell wheat. Farmers’ credit dried up like their fields. 

In 1937, drought was unusually severe. Large sloughs that had never been dry in living 
memory lost their water and dust rose from their bottoms. Many farmers were unable to 
harvest. The average crop for Saskatchewan, including some fair crops in the north, was 
2.7 bushels per acre. Many southern Saskatchewan farmers gave up. They left farms that had 
taken years to establish, loaded their belongings onto hayracks and drove away. Some went 
northwestward to Peace River or north to Prince Albert and Meadow Lake, where soil moisture 
was better. Others settled in the Fraser Valley of British Columbia, returned to Ontario, 
the United States, or even to Europe. Between 1931 and 1937, Alberta lost 21,000 people, 
Manitoba lost almost 34,000 people, and Saskatchewan lost some 66,000 people (Braithwaite 
UST) = 

On the positive side, there was the constructive effort of the federal government in 1935, 
when it passed the Prairie Farm Rehabilitation Act to provide for the rehabilitation of 
drought and soil drifting areas in Manitoba, Saskatchewan and Alberta. Large irrigation 
developments, land-use diversification (e.g. encouraging livestock raising), and methods of 
controlling soil drifting are major features of the PFRA (Horn 1972). Archaeologists 
benefitted from the many valuable artifacts found exposed in "blow-outs" that occurred across 
the prairies after heavy wind storms. Many people, if they did not succumb, became 
philosophically "case-hardened" to poverty and disappointment. On the negative side, drought 
conditions coupled with the economic depression gave rise to social violence (e.g. the 
Dominion Day Riot in Regina on July 1, 1935, when some 3,000 relief camp deserters and their 
sympathizers clashed with police); political upheaval (e.g. the founding of the CCF party in 
Calgary in 1932 dedicated to the eradication of capitalism); the creation of an uprooted, 
drifting segment of society; increase in welfare handouts and loss of self-respect; and a 
tremendous sum of human anguish that cannot be neatly quantified. 

The drought experienced throughout Western Canada in 1976 and 1977 equalled or exceeded 
in severity that of 1937. The former drought was generated by a "blocking" high pressure 
ridge (see Lambe 1972, pp. 107-109) over Western Canada that persisted for more than eight 
months and diverted weather systems carrying rain from the region. Despite the relative 
shortness of this drought and the many federal and provincial drought alleviation programs 
(see for example Collinson 1978, Appendices II and III), its continuation through most of 
1977 — or experience of a drought lasting three years or longer at any time in the future — 
would have more serious consequences than the 1930s drought (Collinson 1978). Surely, more 
paleoenvironmental research systematizing evidence for droughts on the Canadian prairies 


since deglaciation of the region is justified. 
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FIGURE 4: Drifted soil around a settler's house in the 1920s, Saskatchewan. 


(Courtesy of National Photography Collection, Public Archives 
Canada). 
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Fluctuations in marine climate can also have an important effect on the way people in 
coastal regions make their living. A warming of the waters between Canada and Greenland is 
worth considering. Since about 1917, a strengthening of the relatively warm Irminger Current 
off western Greenland resulted in remarkable faunal changes (Dunbar 1955). Atlantic species 
that appeared, or increased in range, in West Greenland waters between then and 1940 include: 
Atlantic cod (Gadus morhua), haddock (Melanogrammus aeglefinus), brosme (Brosmius brosme), 
ling (Molva vulgaris), Atlantic halibut (Htppoglossus vulgaris), herring (Clupea harengus), 
spiny dogfish (Squalus acanthtas) and rosefish (Sebastes marinus). The pilot whale 
(Globicephala ventricosa), in addition to many planktonic animals and plants also invaded West 
Greenland waters. Simultaneously, some fishes (e.g. Greenland cod (Gadus ogac) and capelin 
(Mallotus villosus)) previously common in southern Greenland waters moved much farther north- 
ward. Harp seals became more common in waters off northwestern Greenland, probably because 
their prey, the capelin, had shifted its range. Arctic animals, such as the white whale 
(Delphinapterus leucas), narwhal (Monodon monoceros) and Greenland halibut (Reinhardttus 
hippoglossoides) moved north also. The shifting marine fauna meant that many Greenlanders 
who once lived mainly on marine mammals were forced to turn to coastal fishing. From 1940 to 
1970, Dunbar (1976) notes a cooling trend in the region, accompanied by a southward retreat 
of whole marine ecosystems. He concludes that it is critically important to be able to 
predict such changes in marine environments. | 

Subtle changes in temperature, precipitation and air mass circulation may have widespread 
biological and economic effects. A few examples from the Atlantic Provinces (J.G. Ogden III, 
personal communication, 1976) are of interest. Spruce budworms flourish when conditions are 
warm and dry in June, whereas a few tenths of a degree increase in coastal water temperatures 
results in reduced lobster landings. A 0.5°C decrease in average winter (November-March) 
temperature requires the purchase of 10 gallons (38.5 litres) of heating oil per household 
in Canada. During the winter of 1971-72, the unusual coldness resulted in an additional 
consumption of some 15 million gallons (57.7 million litres) of fuel oil in the Halifax- 
Dartmouth region alone. The cost at that time amounted to more than 6 million dollars. 
Energy policies that ignore the possibility of a continuation of the climatic deterioration 
since 1940 threaten a serious energy shortfall, which may have widespread economic effects. 
The rapidly escalating price of fuel oil has exacerbated this problem. 

I have mentioned only a few examples of how changing climate has affected and can affect 
people in Canada. Such examples demonstrate: (a) that the impact of such changes on human 
populations can be fast and hard; (b) that we must expect many more occurrences like those 
mentioned, or perhaps worse*: paradoxically, nothing is more constant than climatic change; 
and (c) that every major region of Canada is vulnerable. Can there be a stronger argument 
for supporting a comprehensive research program on climatic change in Canada during the past 


several thousand years? 


* Increasing human populations, with greater demands on natural resources, tend to aggravate 
problems resulting from climatic change. 
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The National Museum of Natural Sciences Project on Climatic Change in Canada During the Past 
20,000 Years 


Clearly, we need to know in some detail how climate has varied in Canada during the ice 
age and to see if there is any way of predicting, on the basis of systematic gathering and 
analysis of past climatic data, such important occurrences as times of: severe droughts, 
early frosts, increases in winter coldness, major changes of sea ice distribution and 
thickness, and changes in plant ranges and in the size and distribution of populations of 
humans and other animals as they are affected by such variations in climate. 

A basic aim of the NMNS climatic change project is the publication of paleobiological 
(mainly paleobotanical), historical and meteorological data of significance to the study of 
climatic change in Canada since the peak of the last (Wisconsin) glaciation some 20,000 years 
ago. Compilation of a comprehensive, annotated bibliography on the subject is another 
important goal. Although data gathering will probably dominate the early stages of the 
project, it is hoped that interpretation of these data as they relate to climatic change will 
be emphasized later. Participants in the project must be alert to detect possibly significant 
economic implications arising from the study. In addition to acting as a basic fund of 
information for researchers beginning studies of climatic change in Canada, it may be possible 
to detect significant gaps in our knowledge. Some of these gaps could be filled, or partially 
filled, as a result of the project. Another goal is promotion within this country of 
expertise in the study of climatic change. Liaison with other groups interested in climatic 
change is also important. 

To achieve these goals, we plan to step back gradually in time from the most accurate 
records from weather stations across Canada (see for example Thomas 1975), to climatic data 
inferred from journals and records of explorers, missionaries, officers of trading companies 
(e.g. Hudson's Bay Company) and the Royal Canadian Mounted Police, land surveyors, ranchers, 
farmers, etc., to climatic information derived from paleobiological sources (e.g. the best 
radiocarbon-controlled pollen profiles covering the past 20,000 years,* or parts of that 
period). Where possible, evidence from various disciplines should be checked against each 
other to test their reliability. Necessarily, such records must cover the same periods of 
time in the same regions. Work on the meteorological aspects of the project will be pursued 
in consultation with scientists at the Canadian Climate Centre of Environment Canada's 
Atmospheric Environment Service. A problem confronting the project is identification of 
parameters that are most capable of relating the paleobotanical and historical results. 
Perhaps the growing season, or the number of degree days above 42°F (6.7°C), will be useful 


in this respect. 


* The past 20,000 years has been chosen because it spans the time since continental glaciers 
last covered most of Canada, and because it is a period in which radiocarbon dates are 
considered to be most accurate, thus promoting chronological control of the data. 
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It is important that various regions of Canada be covered. For the sake of convenience 
and preliminary study, they are designated as follows: Western Canada (Manitoba, Saskatchewan, 
Alberta, British Columbia), Eastern Canada (Ontario, Québec, New Brunswick, Nova Scotia, 
Prince Edward Island, Newfoundland), and Northern Canada (Yukon Territory and Northwest 
Territories). We hope that efforts to relate climatic trends among the major regions will 
provide useful information on past climatic patterns in Canada, so it is necessary that data 
published by participants are standardized to simplify correlation. 

The climatic change project is entering its third year. An outline for the project was 
presented to Dr. Louis Lemieux, Director of the National Museum of Natural Sciences, in 1976. 
Funds were allotted for pilot studies in the various fields mentioned during the fiscal year 
1977-78. The results of the pilot studies appear in this publication. 

The first meeting of the NMNS climatic change project took place in Ottawa on November 14, 
1977. Seventeen people attended, including five participants who gave talks on their work 
(A.J.W. Catchpole, University of Manitoba; L.V. Hills, University of Calgary; J.G. Ogden, III, 
Dalhousie University; and C. Hillaire-Marcel and G. Prichonnet, Université du Québec a 
Montréal). In addition, C. Wilson, a contractor to Atmospheric Environment Service, 
discussed her research on climatic change on the east coast of Hudson Bay. G. Hobson, 
Director of the Polar Continental Shelf Project, represented that institution. W. Blake, Jr., 
T.W. Anderson, and J. Foster represented the Geological Survey of Canada. 


A second meeting took place on December 1, 1979. Eighteen people attended, talks being 


presented by the previously mentioned participants, in addition to new ones (S. Occhietti, 

L. Marchand and R. Rajewicz, Université du Québec à Montréal; L. Ghanimé, McGill University; 

and M. Parker, Western Forest Products Laboratory). In addition, talks relating to climatic 

change in Canada were given by C. Wilson; M.O. Berry, Atmospheric Environment Service; | 
T.W. Anderson, Geological Survey of Canada; and D. Fisher, Polar Continental Shelf Project. 

Besides including work on palynological, historical and physical evidence bearing on climatic 

change, the NMNS project was broadened by the inclusion of work on tree rings and the 

beginning of an annotated bibliography on climatic change in Canada during the Quaternary. 

In future years, we hope that tree-ring sampling from old trees surrounding Hudson and 
James bays will provide a preliminary chance for comparing historical (Hudson's Bay Company 
records) and dendrochronological data on climate in that region during the last 200 to 300 
years. A.J.W. Catchpole and C. Wilson have already amassed much climatic data from 
historical records made at sites on James Bay and southern Hudson Bay. 

Similar efforts are proceeding in the United States and the Soviet Union. In 1978, the 
Second Reciprocal U.S. - U.S.S.R. Conference on Climates of the Pleistocene and Holocene took 
place in New York. The purpose of these conferences is the meeting of Soviet and United 
States scientists to compare data on world climate in the last 18,000 years. To give an idea 
of the scale of the NMNS project, it is worth noting that there are more than 1,000 
paleoclimatologists in the Soviet Union: the United States have about 20 principal workers 


in this field (West 1978). 
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HISTORICAL EVIDENCE OF CLIMATIC CHANGE IN WESTERN AND NORTHERN CANADA 


A. J. We Catchpole* 


INTRODUCTION 


Among European and Asian climatologists, historical records have long been recognized 
as a major category of evidence of climatic change. In the mid-twentieth century Manley 
(1953) included certain types of historical sources in one of five general categories of 
climatic evidence. In 1977, the Climatic Research Unit at the University of East Anglia 
identified historical evidence as one of the three major categories of evidence 
available in the past 3000 years. 

In contrast to the European and Asian experience, comparatively little use has been 
made of historical evidence in North America where it remains the least familiar type of 
evidence. This contrast between the old and the new worlds, however, cannot be entirely 
attributed to the recency of the development of literacy in North America, since this 
continent possesses certain historical sources which offer a rich, and largely undeveloped, 
potential as evidence of climatic change. It is, therefore, appropriate to commence with 
general discussions of the nature and role of this category of evidence in studies of 


climatic change. 


Nature of Historical Evidence 


There are essentially two reasons why history can yield evidence of past climates. The 
first involves man's ability to communicate information, and the second involves his 
sensitivity to environmental stimuli and his ability to adapt his behaviour to accommodate 
environmental changes. 

At late stages in his cultural development, when man acquired artistic and literary 
abilities, he thereby acquired the means of communicating information to his descendants. 
One of the major sources of historical evidence is the information about weather or 
environmental conditions contained in the communications media. This general term is 
deliberately used because it embraces a wider array of sources than written documents 
alone. Cave paintings of prehistoric animals, or tales of past deluges in folklore, are 
each examples of non-documentary communications which might yield evidence, especially in 


the preliterary period. 
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The communicated historical evidence is distinguished from the inferential historical 
evidence which accrues from man's behavioural adaptations to climatic changes. The latter 
depends upon the assumptions that temporal changes in climate may have caused temporal 
changes in human behaviour, and that the nature of climatic change can be inferred from 


historical events. 


Communicated Historical Evidence 

Many historical sources contain direct references to the weather and related 
environmental conditions. These may occur in the direct and systematic form of a weather 
diary, such as those kept by Claudius Ptolemaeus at Alexandria in the second century A.D.; 
by William Merle, from 1337 to 1344, in eastern England; by W. Haller, from 1546 to 1576, 
in Zurich; and by Tycho Brahe, from 1582 to 1597, on the island of Hven in Denmark. 
However, the communicated historical evidence is not limited to weather diaries and it 
includes written sources that make only indirect, and non-systematic reference to the 
weather as well as works of art that portray the environment. 

A summary of the various types of written sources that have been used in Europe and 
Asia as communicated historical evidence is given in Figure 1. Fragments of environmental 
information contained in novels, plays and poetry have been considered of sufficient 
scientific value to warrant climatological investigation and, so, this classification 
identifies fictional accounts as one category of this evidence. Of course, the greatest 
amount of historical evidence is embodied in factual accounts and Figure 1 distinguishes 
two broad categories, those written at sporadic intervals, and the chronicles written 
regularly at a particular place. The letters, memoranda, newspaper accounts or journals of 
expeditions which comprise the former category, can yield valuable pieces of information 
but they cannot yield these at regular intervals of time and this is a severe restriction 
in studies of climatic change. Therefore, the richest sources of evidence are the 
chronicles and the two broad categories shown in Figure 1 each have their fundamental 
strengths and weaknesses. As indicated previously, the weather journals focus directly on 
specific phenomena such as wind direction, cloudiness, raininess, warmth, frosts and snow; 
but these direct sources are raree The general chronicles are diaries and journals kept 
for some purpose other than providing weather records, but which nonetheless contain 
incidental references to the weather. The general chronicle may be nebulous and incomplete 
in its climatic references, but it is comparatively common. European and Far Eastern 
research indicate that general chronicles are of greatest value for two types of climatic 
reconstruction: 

(1) The identification of rare and extreme occurrences such as summer droughts, severe 
winters, floods or storms - since these tend to represent a bias of interest in general 
chronicles. An early study of this nature derives measures of the raininess in China 
during the past two millenia using references to the occurrences of drought and flood in 
two Chinese written chronicles (Co-Ching Chu* 1926). The validity of these measures of 
raininess was later discussed by Schove (1949) and a general assessment of Chu K'o-chen's 


* This name is correctly transliterated as Chu K'o-chen 
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CONTEMPORARY CONTEMPORARY 
FACTUAL FICTION 
ACCOUNTS 
SPORADIC CHRONICLES 
DESCRIPTIONS 
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reports, accounts time intervals at 
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newspaper clippings, including diaries, 
journals punctuated journals and sequences 
by frequent omissions] of letters written at 
regular intervals] 
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WEATHER CHRONICLES 
CHRONICLES 
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journals, weather private journals, 
records in ships journals of trading 
logs] companies, 
missionaries, 
Church organizations, 
government 


organizations ] 


FIGURE 1: General classification of types of written evidence 


of eltmatte change. 


historical climatic studies was given by Chiao-min Hsieh (1976). In a broad-ranging 

study of European climates since 1100 A.D. Lamb (1963) derives measures of the severity or 
mildness of winter, and of raininess or drought in summer. This is based upon references 
to the occurrence of extreme weather phenomena and environmental conditions in secondary 
historical documents. The latter comprise compilations of historical meteorological 
references using sources from eastern Europe (Buchinsky 1957), central Europe (Hennig 
1904), western Europe (Easton 1928), Belgium (Vanderlinden 1924) and Britain (Britton 
1937)- The Climatic Research Unit (1977, pp. 9-18) has re-examined and questioned the 
validity of the results derived from these secondary sources. 

(2) The study of such phenological indicators as the dates of first snow in fall, spring 
break-up, first blossoming of fruit trees, first ripening of fruit, first migrations of 
birds - since the passage of the seasons is a second focus of interest. Thus, Japanese 
historical documents yield dates of freeze-up of Lake Suwa from 1443 to 1954 (Arakawa 1954; 
Yazawa 1976), dates of first snowfall at Tokyo from 1632 to 1955 (Arakawa 1956) and dates 
of first blossoming of the cherry tree at Kyoto from the ninth to the nineteenth centuries 


(Arakawa 1957; Maejima 1966). 


Inferential Historical Evidence 

Knowledge about climatic change may possibly be inferred from any aspect of human 
behaviour that is sensitive to those changes. Table 1 contains a classification of this 
evidence according to aspect of human behaviour (settlement, cultivation, transportation, 
migration and health), and according to the climatic circumstance in which that behaviour 
is occurringe Four climatic circumstances are identified as being particularly favourable 
for the stimulation of human responses because they comprise the thermal or moisture limits 
to activities. These include temperature conditions near the poleward and altitudinal 
limits of development, and moisture conditions at desert margins and lake margins. Brief 
notes in Table 1 indicate regional applications of the various types of inferential 


evidence. 


Role of Historical Evidence 


A deficiency of the historical evidence is the comparative brevity of its time span and 
this is most apparent in the communicated evidence. The oldest written sources from the 
old world are limited to the past two to six millenia, an interval that comprises a small 
fraction of Quaternary time. Canadian sources are limited to three centuries, barely one 
per cent of the interval since 20,000 B.P. This raises the question that, while the 
historical evidence may be an interesting curiosity, it will have limited practical use and 
can add little to the knowledge that will be gained from ostensibly more scientific 
sources. However, it should be stressed that the utility of a type of evidence is 
dependent upon several major factors in addition to its duration, and prominent among these 
is its sensitivity or resolution. Many types of environmental evidence can give only a 


rough idea of the climatic differences between millenia or centuries. The historical 
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TABLE 1: TYPES OF INFERENTIAL HISTORICAL EVIDENCE OF CLIMATIC CHANGE. 


ASPECT OF 
BEHAVIOUR 


SETTLEMENT 


CULTIVATION 


TRANSPORTATION 


MIGRATION 


HEALTH 


CLIMATIC CONDITIONS LIMITING HUMAN BEHAVIOUR 


THERMAL CONDITIONS 


Poleward Limits 


Medieval Norse 
settlement in 
Greenland. 


Medieval cereal 
cultivation 
in Iceland. 


Medieval 
voyages in North 
Atlantic & Arctic. 


Migrations of 
Eskimos (Inuit). 


Famine and 
disease in 
high latitudes. 


Altitude Limits 


Deserted 
upland villages 
in England. 


Upper limits 
of cultivation 
in Europe. 


Trade routes 
over passes. 


MOISTURE CONDITIONS 


Aridity Limits Lake Margins 
Indus and Prehistoric 
Sahelian Germany, 

civilizations. Caspian Sea. 


Indus and 
Sahelian = 
Civilizations. 


Trade routes 
over deserts. - 


Migrations of = 
pastoralists in 
Asia. 


Famine and 
disease in = 
arid areas. 
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evidence, in contrast, can occasionally discriminate between decades and years. Thus, a 
very detailed picture of climatic change can be generated by this evidence and, in so 
doing, it may yield the type of information that is afforded by the instrumental evidence. 
Lamb (1977, pp. 22-34) proposes the term 'parameteorological phenomena' to embrace the 
weather and environmental information derived from communicated historical sources. The 
Climatic Research Unit (1977, p. 7) identifies three main sources of climatic data in the 
past 3000 years and defines ‘proxy data' as "a blanket term applied to all other types of 
evidence (other than the instrumental and the communicated historical)". 

While stressing the value of historical evidence in reconstructing climatic change in 
the past 3000 years, the Climatic Research Unit (1977, pp. 4-7) observes that: "Historical 
data are invariably more precisely dated than proxy data and the meteorological and 
climatological information obtained from historical sources is generally more direct and 
precise than that from proxy sources. ...The main disadvantages of proxy data are in 
dating, in their often slow (and frequently inadequately known) response time, in the 
complexity of responses to meteorological variables, and in the possible influence of Man." 

The historical evidence in Canada may extend over a period which is two or three times 
larger than that spanned by the instrumental evidence. Both the instrumental and the 
historical evidence are available from minute parts of the past 20,000 years but these time 
periods are critically important to the study of present climatic changes and their 
potentially damaging effects on mankind. The present decade has witnessed a growing demand 
for improved long-term climatic forecastinge Given the present state of development of 
meteorology, climatic forecasting is founded on an empirical basis in which past trends are 
projected into the future. The key to improving forecasts lies in a fuller understanding 
of the past. In this context, the past of greater value is that spanned by instrumental 
evidence, but the historical past immediately preceeding the instrumental period is also of 
vital concern. 

In summary, historical evidence is not to be relegated to a subsidiary role in which it 
merely adds a human perspective to knowledge of climatic changes detected and verified by 
more traditionally scientific types of evidence. Historical evidence has a fundamental 
role in detecting changes which might not be revealed by other types of evidence. It can 
yield knowledge of comparatively high resolution in the recent past that bears most 


directly upon the immediate future. 


General Types and Sources of Historical Evidence in Western and Northern Canada 


The first standardized weather observations occurred in the last three decades of the 
nineteenth century in western Canada and in the early twentieth century in northern Canada. 
Therefore, the period of historical evidence predates these times. The oldest western and 
northern Canadian written sources date from the late seventeenth century and so the maximum 
duration of the historical evidence is approximately 300 years. This period witnessed the 
rapid exploration, the settlement and the economic development of a large, previously 


unknown wilderness, by a literate and scientifically sophisticated people. The evidence 
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produced under these circumstances conforms to the framework given in Figure 1, but 
differs in fundamental respects from that of the Old World. Fictional sources dwindle to 
insignificance in this context and the potential role of factual accounts is enriched 
whenever they reflect the interaction between the harsh Canadian climate and writers 
familiar with more equable European environments. In Canada, the explorer, settler, trader 
and missionary were pitted against adverse weather in winter and summer, often in 
circumstances of extreme isolation and their writings reflect a preoccupation with 
environmental stresses. This exploration and development was, in part, conducted by 
private individuals, but it was vigorously prosecuted by the servants of the major 
institutions. A general classification of the exploited and the potential sources of 
Canadian historical evidence is given in Figure 2. 

I will examine each of these various sources separately. In discusssing the major 
sources I will briefly outline the nature of the evidence which they contain, then I will 
summarize the existing uses to which the evidence has been put and will indicate the 
potential for further use of the evidence. First, it is appropriate to examine in greatest 
depth the records of the Hudson's Bay Company, because they provide a corpus of chronicles 
that is unrivalled in Canada and, indeed, in North America. Although these records have 
been more extensively and rigorously employed in climatic reconstruction than any other 


Canadian historical sources, only a small part of their great potential has been developed. 


Hudson's Bay Company Records 


I begin this assessment of the records with an introductory outline of the Company's 


history, the logistics of its trading practices, and the nature of its archives. 


History, Trade Logistics and Archives 

The Hudson's Bay Company was created to develop an English fur trade centred on Hudson 
Bay at a time when the existing Canadian fur trade was in French hands and focused upon 
Montréal. In 1670, Charles II of England granted a charter to the Governor and Company of 
Adventurers of England trading into Hudson's Bay,which guaranteed proprietory rights and 
the monopoly of trade in Rupert's Land (the entire territory draining into the Bay). The 
Company sent its first ship into the Bay in 1668 and permanent Company settlement began on 
James Bay in 1672. With this development, a logistical system of movement of trade goods 
was initiated that remained in force for the first century of the Company's trading. Under 
this system, the Company confined its trading posts to the estuaries of rivers draining 
into Hudson Bay. These posts were entrepôts at the places where Indian traders coming down 
river met the ocean-going ships from London. 

During the first century, the Company was stimulated to explore and increase its trade 
in the interior of Rupert's Land by the threat posed by the westward push of French 
Canadian traders. Therefore, the Company sent expeditions at sporadic intervals into the 
interior: 

1690-1692 - Henry Kelsey reached the lower Saskatchewan; 


1754-1755 - Anthony Henday penetrated to the western parklands of Alberta; 
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CANADIAN 
SOURCES 


INSTITUTIONAL PRIVATE 


[e. g. personal diaries, 
journals of travel 
and exploration, 
letters] 


COMMERCIAL GOVERNMENT CHURCH 
[e. g. records of [e. g. records of [e. g. records of Church 
Hudson's Bay Co.] R.C.M.P., Missionary Society, 
Dominion Land Oblates of Mary 
Surveyors ] Immaculate, 


Sisters of Charity] 


FIGURE 2: General classification of sources of written evidence of 


eltmatte change in Canada. 


1754-1774 - A period when expeditions became almost annual events to draw the Indians 
to the Bayside trading posts. Prominent among those involved were Joseph 
Smith, Joseph Waggoner, William Pink and Matthew Cocking. 

To meet the growing threat posed by competitors from Montréal following the collapse of 
New France, the Company established its first inland post, Cumberland House, on the 
Saskatchewan River in 1774 and the investigation of the interior was specifically assigned 
to explorers skilled in surveying. Prominent among this group of surveyor-explorers were 
David Thompson, Philip Turnor and Peter Fidler. 

By the nineteenth century the rival North West Company was experiencing serious 
logistical difficulties related to the great distance between Montréal and the Athabasca 
district. This eventually led to union between the two companies in 1821, a union which 
allowed York Factory to eclipse Montréal as the focus of the trade. At the same time the 
Company obtained a license to monopoly privileges in the territory beyond Rupert's Land. 
There followed a period of relative stability until 1870 when the Company relinquished most 
of its chartered rights and the fur trade diminished to a shadow of its former proportions. 

The logistics of the Company's trade are directly relevant because they have determined 
the general nature of the Company's documentary records. I will examine separately the 
Maritime and the continental components of the trade. 

Each year the Company dispatched a small fleet,which sailed directly from the Orkneys 
to Hudson Bay. These ships penetrated Hudson Strait in mid-summer when the strait was 
still congested with drift ice. On entering Hudson Bay the ships separated, one being 
destined for James Bay and the other for the west coast at York Factory or Churchill. The 
ships returned in September by which time Hudson Strait was comparatively ice-free. A 
first-hand account of the voyage of one such fleet was published by Chappell (1817), a 
ship's officer. 

Prior to the move to the interior in the late eighteenth century, the continental 
trading system was a simple matter of maintaining permanent depots at the Bayside where 
furs were received and trade goods and provisions were stored. Eventually, seven such posts 
were established. However, the move inland created problems of communication and 
administration that led to the division of Rupert's Land into trading districts. Within 
each district was created a hierarchy of posts, involving district headquarters and local 
trading posts. Records are available from more than 200 posts. A summary of this 
hierarchy and of the research potential of its written records is given by Moodie (1977). 

I have not identified a fundamental distinction between the Hudson's Bay Company and 
any other comparable company such as the North West Trading Company. Such a distinction 
emerges, in the context of sources of historical evidence, when the unique archival legacy 
of the Hudson's Bay Company is considered (Craig 1970). Throughout its history, the London 
headquarters of the Company required its servants to maintain meticulous records of its 
business operations in North America, including records of environmental phenomena that 


affected its business throughout its wilderness domain. The policies of the Governor and 
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Committee in London ensured, not only the keeping of detailed records in North America, 
but also their preservation in London, from which has evolved this unique corporate 
archives. The Company's archives contain records as varied as explorers' journals, Indian 
trade accounts, ships' logs, the records of subsidiary enterprises, letter books and even 
daily temperature records from instrumental observations. The records of greatest value 
for environmental reconstructions are the post journals and the ships' logs. Their value, 
like many other manuscript groups in the Company's archives, lies in the regularity of 
record-keeping in time and space, and in the wealth of environmental information that they 


contain. 


The Company's Archives as a Resource for Historical Climatology 


Both the maritime and the continental components of the Company's trade were conducted 


in a harsh environment. As a result, various records in its archives make frequent 
reference to weather and climate. I will examine the archival resources which offer the 


greatest potential for use, dealing with the maritime component first. 


The Ships! Logs 

The Company's ships voyaged annually through seas where ice posed a severe threat to 
navigation. It has been demonstrated elsewhere that ships' logs (Figure 3) can yield 
valuable information about sea ice and weather (Oliver and Kington 1970; Daney 1977), but 
it is hard to imagine more favourable circumstances for research of this nature than those 
provided by the voyages of these ships through Hudson Strait and Hudson Bay. The voyages 
occurred with almost clockwork precision and annually followed an almost identical route. 
This route focused on the bottleneck of Hudson Strait which annually experienced a cycle of 
ice conditions, ranging from close pack ice in winter to a cover of less than one tenth in 
late summer. The route through the strait hugged the north shore to gain most open leads, 
and it provided opportunities for fixing the positions of the ships using references to 
named landmarks. This is an important advantage, since many of the references in the logs 
can be precisely located geographically. Further, these spatial references focus upon a 
few recurring places. The voyages were made over a period that extended well into the 
Little Ice Age when ice conditions may have been significantly different from later ones. 
Furthermore, these voyages commenced in the North Atlantic (where eighteenth and nineteenth 
century ice conditions are known from Iceland sources) and extended into an area where 
these conditions are still relatively unstudied. It is true that Speerschneider (1931) has 
investigated sea-ice conditions in Davis Strait from 1820 to 1930, but his use of ships' 
logs is generally impressionistic. In the Beaufort, Bering and Chukchi seas of the western 


North American Arctic, sea ice conditions since 1870 have been studied using ships' logs 


(personal communication, E.C. Sobey* 1977). 


*Sobey indicates that the Outer Continental Shelf research program sponsored by NOAA 
(National Oceanic and Atmospheric Administration of the United States) includes examination 
of historical evidence of sea ice conditions. W.R. Hunt and C.M. Naske of the University 
of Alaska are conducting this work. 
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FIGURE 3: Page from the log of the King George, written during the ship's passage through 
Hudson Strait, 6-7 August, 1761. Source: "A Journal of a Voyage in the King 
George of London from thence to York Fort in Hudson's Bay and back to the Port 
of London by Joseph Spurrell Master". 1761. Hudson's Bay Company Archives 
C1/365, folto 24d. 
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TABLE 2: FREQUENCY DISTRIBUTION OF ANNUAL NUMBERS OF SHIPS IN THE HUDSON BAY 
FLEET, FROM WHICH LOGS ARE AVAILABLE IN THE HUDSON'S BAY COMPANY 
ARCHIVES, 1751-1870. 


Number of Ships Number of Years 
0 3 
aL 4 
2 46 
3 54 
4 12 
5 2 
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The Company's archives contain logs of ships voyaging to Hudson Bay in every year from 
1751 to the present century, with the exceptions of 1839, 1840 and 1841. In most of the 
120 years preceeding 1871, logs are available from more than one ship, (Table 2). 

The multiplicity of logs per year is compounded by the fact that on many ships more than 
one log was kept. This is significant since it implies opportunities for the verification 
of information derived from particular logs. 

Logs are available from 27 different ships over the 12l-year period. Figure 4 
identifies each of the ships sailing in each year and indicates their destinations. In 
almost all years at least one ship sailed to York Factory and another to James Bay (usually 
Moose Factory). The destination was rarely Churchill after 1813. Several ships only made 
the voyage to Hudson Bay once, but some were involved for decades. 

A second type of log is preserved in the Company's archives. These logs were kept on 
the schooners which remained at the Bayside posts throughout the year, ice-bound in winter, 
and conducting coastal traffic in summer. The logs of these coastal schooners are not 
housed among those of the ocean-going ships but are contained in the journals of the posts 
where the schooners were stationed. 

The most complete sequences of logs are housed in the post journals from Eastmain (a 
continuous record from 1736 to 1781) and from Churchill (1743 to 1744, 1748 to 1758, 1760, 
1762, 1764 to 1780 and 1785 to 1790). 

The ships' logs comprise the main archival holdings derived from the maritime component 
of the Company's trade and attention will now turn to the holdings derived from the 


continental component. 


Records from Trading Posts 


This component of the Company's trade was no less sensitive to climatic stimuli than 
the maritime trade. Only in Siberia are seasonal changes in temperature more extreme than 
those of Rupert's Land. These changes exercised a profound influence on the trade, as well 
as the day to day activities of its personnel. Just as the seasons and daily weather had a 
great impact upon the Company's personnel, so their daily journals and correspondence are 
replete with references to, and descriptions of, these conditions. The journals (Figure 5) 
were not written with scientific objectivity and systematization, but by individuals who 
were probably more sensitive to, and perceptive of, the weather than any who might write 
similar journals today. These physical considerations, allied to the Company's penchant 
for requiring the keeping of and preservation of these journals, have ensured that the 
journals are rich in climatic evidence. An insight into this potential is provided by the 
following directive concerning the contents of post journals from the board of directors in 
London to one of its post factors in 1814: 


These Journals are to contain nothing but a plain & simple memorandum 

of facts...They must however be distinct & full, containing all the 

particulars that may contribute to the better understanding of the 

transactions that are mentioned...Among the circumstances, which are 

always to be noticed in the Journals, is the weather & progress of the 

Season: - the date of the freezing in of the lakes and rivers; the chief 

falls of snow & their depth; the greatest thickness of the Ice; the commencement 
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FIGURE 4: Hudson's Bay Company ships voyaging from England to the Bay, 1750 to 1870. 
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TABLE 3: FREQUENCY DISTRIBUTION OF DURATIONS OF JOURNAL RECORDS AT HUDSON'S BAY 
COMPANY POSTS, PRIOR TO 1871. 


Duration Number Duration Number 
(Years) of Posts (Years) of Posts 
al 61 71 = 80 2 
2 cy 15} 53 81 - 90 0 
6 = 10 29 91 = 100 iL 
11 = 20 21 WoL S aay) 1 
21 - 30 20 L120 0 
32 — 40 9 WAL =) aL s\0) 0 
aii 150) 5) aka Se ako) 2 
FAST 4 141 - 150 aL 
61 - 70 2 151 - 160 1 


x 


FIGURE 5: 
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1747. Source: "A 
beginning ye 1st August 1747 and ending ye 


Hudson's Bay Company Archives, B3/a/39, 


of Thaw: the breaking up and clearing away of the Ice, the commencement of 
vegetation; the opening of the leaf of the most remarkable trees; the 
flowering of any remarkable plant...the ripening of any kind of native 
fruit, or of any species of cultivated produce; the commencement of frost in 
the Autumn & the fall of the Leaf...The observations are not to be 
considered as a matter of idle curiosity; but may be of very essential 
use...(Governor and Committee of Hudson's Bay Company, 1814). 


The broad spatial and temporal distributions of the post journals are noteworthy. They 
are scattered across Rupert's Land, and extend temporally into the latter part of the 
Little Ice Age*. Although the posts were widely distributed, they were also occasionally 
close together, enabling assessment of the validity of these historical date by spatial 
homogeneity testing. 

The holdings of post journals in the Company's archives commence with the Albany 
Journal of 1705. From that date to 1870, journals from 210 posts are preserved. However, 
the journal records from many of these posts are very brief (Table 3). 

À general illustration of the temporal distribution of all post journals is given in Figure 
6, and the distributions of the 28 post journals with a duration exceeding 30 years prior 
to 1871 is given in Figure 7. The latter group of journals offers the greatest potential 
for studies of climatic change, and in Figure 7 the duration of these journals between 1871 
and 1940 is also given. The journal contents from this modern period are potentially 
valuable for extending historical trends to the present and for testing the historical data 
against their modern counterparts. 

In the eighteenth century less than 10 post journals were kept in each year until the 
last two decades when the Company's move inland caused a rapid increase in the number of 
journals (Figure 8). In the nineteenth century, the number of journals kept each year 
ranged from 20 to 50. 

Although the oldest journals were kept at posts on the Bayside, several of those 
spanning more than 30 years occur near the westward limits of Rupert's Land (Figure 9). It 
is noteworthy that the locations and site conditions of many of these posts changed, or are 
still unknown. This is especially true of the more ephemeral wintering posts. Site 
conditions are of particular importance in environmental studies since break-up and 
freeze-up dates, wind speed and direction, the duration of snow cover, and similar factors 
can change considerably between different sites in a particular location. 

By virtue of their broad distribution in time and space, and their frequent climatic 
commentary, the post journals comprise the richest source of climatic evidence in the 
Company's archives. I now turn to a second source which concentrates more directly and 
systematically upon weather phenomena, but which is much rarer than the post journals. 
Mention has already been made of the Company's determination to acquire scientific 
information about Rupert's Land and this prompted the routine observation of the weather at 
a time which, even by European standards, was early. Several of these observational 


records were kept under the auspices of the Royal Society in London. In these cases, the 


* Ed.note: The Little Ice Age or Neoglaciation denotes a renewed phase of glacial 

advance since the late medieval period. Although some variability has been detected on a 
global scale, here it is considered to have commenced in the sixteenth century, reached its 
peak in the eighteenth century, and ended by the middle of the nineteenth century. 
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FIGURE 6: Temporal distributions of post journals in the Hudson's Bay Company Archives, 
1700 to 1870. More than two hundred post journals are shown, the duration of 
each being indicated by an intermittent line. Although posts are not 
identified, the diagram illustrates the longevity of a few journals, the 


fragmentary and brief nature of most, and the increase in journal keeping 
after 1790. 
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FIGURE 7: Temporal distributions of selected Hudson's Bay Company post journals, 


from 1670 to 1940. These are the journals having the longest 
durations prior to 1870; all span at least 30 years in that pertod. 
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TABLE 4: M#TEOROLOGICAL JOURWALS CONTAINED IN POST JOURNALS IN THE HUDSON'S BAY 
COMPANY ARCHIVES (EXCEPT WHERE OTHERWISE INDICATED, EACH METEOROLOGICAL 
JOURNAL IS CONTAINED IN THE POST JOURNAL OF THE SAME NAME). 


Location Years 

Brandon Housel 1814-1815 

Chesterfield House (Bow River) 1800-1801; 1801-1802 

Cumberland House 1806-1807; L8l5-’Sre; 1832-18337 1839-1840 

Fort Chipewyan? 1840 

Fort Churchill 1837-1839; 1838-1839; 1840-1841; 
1841-1842; 1842-1843; 1843-1844; 
1844-1845 

Fort George (Big River) 1816-1817; 1817-1818 

Fort Norman 1861-1862 

Peel River3 1862-1867 

York Factory 1771-1772; 1794-1795; 1829-1830); 
1831-1832; 1847-1849; 1850-1851; 
1851-1852 


lThe Brandon House meteorological observations are contained in the post journal from 
Winnipeg, 1814-1815. 


2The Fort Chipewyan meteorological journal is contained in the post journal from Fort 
Good Hope, 1840-1841. 


3The Peel River meteorological journal is contained in the post journal from Fort 
Norman, 1861-1867. 
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TABLE 5: METHOROLOGICAL JOURNALS FROM HUDSON'S BAY COMPANY POSTS, PRESERVED IN THE 


LIBRARY OF THE ROYAL SOCIETY, LONDON. 


Post 


Albany 

Athapascow 
Athapascow Lake 
Buckingham House 
Carlton House 
Chesterfield House 
Churchill Factory 
Clapham House 
Cumberland House 


Eastmain 
Gloucester House 
Henley House 
Hoffenthal 


Duration 

1776 1782 
1790 1792 
1803 1804 
1796 1797 
1795 1796 
1801 1802 
1792 1793 
1808 1809 
1778 1790 
1806 1807 
NAY 7 1781 
1781 1782 
1784 1788 
1782 1786 


Post 


Me dla Cross 
Moose 

Nain 
Nottingham 
Okkak 

Reed Lake House 
Swan River 

York Factory 


Duration 

1809 1811 
1795 1797 
71 7/4 1786 
1805 1806 
176757 1784 
1794 1795 
1807 1808 
1766 1767 
17/7 17/77 
1774 1778 
1793 1797 
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data are preserved in the Society's library. Other early weather journals are preserved 
in the Company's archives -- usually within the journal of the post where the observations 
were made. 

Not all of the meteorological journals within the post journals have been catalogued and 
Table 4 contains a list of the meteorological journals that are currently catalogued. The 
meteorological journals kept only in the library of the Royal Society in London are 
identified in Table 5. 

These records include temperature, wind direction and force, and occasionally pressure 
readings, but precipitation was not observed except for sporadic references in daily remark 
columns. In common with all early meteorological records, these data were not observed 
under standardized circumstances. Usually, readings were made several times per day, but 
the hours of observation changed from place to place and time to time. Information on site 


conditions and instrumentation was rarely given. 


Climatic Research Using Hudson's Bay Company Archives 


I will outline research that has been completed, that which is underway, and the scope 
for further research. Although completed work has demonstrated the utility of this rich 


resource, only a small fraction of its potential has been developed. 


Completed Research 

The published research has utilized only the information in the post journals and is 
further circumscribed since it focuses only upon the dates of freeze-up and break-up of 
water bodies. The first of these published works was a study of the dates of freeze-up and 
break-up of the Churchill River at Churchill and of the Hayes River at York Factory by 
MacKay and Mackay (1965). This study derived dates from the post journals commencing in 
1719 at Churchill and in 1714 at York Factory, and supplemented this information with dates 
derived from records kept by the Geological Survey of Canada in the nineteenth century. 

The results were sequences of dates intermittently spanning a period of 250 years. 

A second study of freeze-up and break-up using the information in the post journals was 
conducted by Moodie and Catchpole (1975). A particular feature of this study was the 
development of a systematic and objective method, using the principles of content analysis, 
for the derivation of annual dates of freeze-up and break-up from the written sources. 

This study also developed methods for testing the reliability of the content analysis 
when applied by different researchers, and for testing the validity of the dates derived. 

A preliminary form of this method was first applied to the journals of three inland posts, 
Edmonton House, Cumberland House and Norway House (Catchpole et al., 1970). Following 
this, the method was fully developed and then applied to the four longest and most 
continuous post journals, namely those from Churchill, York Factory, Fort Albany and Moose 
Factory on the Bayside. The close juxtaposition of, and hydrologic similarities between, 
the estuaries of the Moose River and the Albany River facilitated validity testing of the 


data. This test indicated that the historical dates of freeze-up and break-up compare in 
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quality with their modern counterparts observed by the Atmospheric Environment Service 
(Moodie and Catchpole 1976). The trends within these historical dates were described by 
Catchpole et al. (1976). 

Another work using the Company's records was a study of air mass frequencies over 
Rupert's Land in the historical period (Minns 1970). This derived measures of the 
frequencies of wind directions and temperature from the journals of four posts, Edmonton, 
Winnipeg, Fort William and Fort Simpson, and these were analyzed using the method of 
partial collectives. This method was developed by Bryson for identifying features in the 
frequency distributions of air temperatures which might be diagnostic of particular air 
masses. Minns concluded from this analysis that Arctic air was much commoner in the 


western interior of Canada in the early nineteenth century than is the case today. 


Research in Progress 

Several climatic studies based on the Company's archives are underway. While most of 
these are based on the post journals, use is now being made of the ships' logs. 

An intensive, computer-based study of the weather and environmental information in the 
Churchill and York Factory post journals is being conducted by T. Ball (personal 
communication, 1977) at the University of Winnipeg. For this purpose a coding system has 
been devised to enable the daily subjective assertions about each weather element to be 
coded and then transferred onto punched cards. Each card refers to a particular day at one 
post and can accommodate coded information on temperature, wind direction, wind speed, 
pressure (in the unlikely event that this was measured), precipitation type, cloudiness, 
thunder, melting, freezing, snow drifting and general weather conditions. In the first 
stages of the analyses, programmes are being run to tabulate the dates of first references 
to phenological indicators (first day of rain in spring, of snow in fall, of thunder in 
summer, etc.) and of the frequencies of references to weather conditions. Thus, monthly 
and annual frequencies of references to rain, snow, thunder, clear skies, cloudy skies, 
wind directions and weather types are being tabulated. 

A study of the utility of the Company's ships' logs as climatic sources is being 
conducted by the author at the University of Manitoba. This concentrates initially upon 
the logs written in Hudson Strait and Hudson Bay. The study is developing content analyses 
of references to sea-ice and weather and these will provide indications of the types of 
information that can be most readily derived from these sources. 

The Climatic Research Unit at the University of East Anglia proposes to undertake a 
study of the climate of the North Atlantic Ocean from 1500 to 1870 using historical sources 
(D.J. Underhill, personal communication, 1977). Ships' logs, including those of the 
Hudson's Bay Company, will compose one of the major categories of evidence used in this 


study. 


Opportuntttes for Further Research 
I conclude discussion of climatic research using the Company's archives with a 


consideration of the potential for further research. Only a small part of the full 
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potential of these archives has been developed by the completed work and by the work in 
progress. First, I wish to examine the research potential of the post journals, which will 
probably remain the most valuable resource. Then I will consider the uses of the 
correspondence, the account books and the ships' logs. 

The post journals continue to offer a broad potential for the description and analysis 
of long-term trends. Figure 7 indicates that ten journals span a period of at least 100 
years. Ball's preliminary findings confirm the impression given by a casual scrutiny of 
these journals, namely, that they may yield numerical measures of the dates of several 
phenological indicators and of the occurrence of weather conditions diagnostic of the 
thermal intensity of the seasons. From several places in Rupert's Land long-trends in the 
following phenological indicators may be derived: 


first day of rain im’ spring, 

first day of snow in fall, 

first day of thunder in summer, 

first day of ground frost, 

first day of freezing of water bodies, 

first day of breaking of water bodies, 

first day of thawing in spring, 

dates of migration of birds, 

dates of budding, flowering, ripening of plants 


Evaluation of the frequency, intensity and duration of specific weather conditions may 
yield measures of long-term variations in the severity and duration of winter, and of the 
mildness and duration of summer. 

The post journals also provide a potential for conducting synoptic weather studies of 
broad areas in Rupert's Land, since in some periods a large number of journals were being 
written simultaneously (Figures 6 and 8). In the decade 1790 to 1800, approximately 40 
journals were being written each year and a similar number were written from 1820 to 1840. 
These networks may provide a means of studying the spatial characteristics of specific 
meteorological events such as exceptional spring thaws, cold spells, storms or freezes. 

Historical synoptic studies of this nature have been extensively applied to European 
pressure data by Lamb and Johnson (1966), to European weather data by Oliver and Kington 
(1970), to nineteenth century data from the great plains in the United States by Lawson 
(1974), and to Japanese data by Maejima and Koike (1976). 

In addition to the scope for the study of climatic temporal and spatial patterns, the 
post journals also offer considerable potential for methodological research. Le Roy 
Ladurie (1972, p. 268) has appealed for the development of systematic methods of document 
interpretation for the purposes of historical environmental research: 


"There are plenty of unpublished texts describing the [weather in historical times]. 
Such evidence abounds in all the manorial, legal, ecclesiastical, and administrative 
archives. System is what is needed. These texts should be used to establish valid 
series, by region, year, season, or even month, by kind of climatic phenomenon (cold, 
heat, drought, humidity, etc.), and by intensity of climatic phenomenon. All this 
should be done with the aid of the most up-to-date classifying techniques, including 
computers”. 
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Existing post journal research uses such techniques but it is highly restricted in 
scope. Improved content analysis and computer coding methods should be developed not only 
for retrieving primary data, but also for testing the validity of data and for testing the 
degree to which the data are influenced by the perceptions and idiosyncracies of individual 
writers. Methods should also be developed for acquiring data that are representative of 
broad areas of Rupert's Land rather than point locations within it. 

The Company's correspondence constitutes a second category of sources offering 
potential for research. This is a potential which is almost completely undeveloped. In 
comparison to the post journals, the correspondence bears all the disadvantages that 
sporadic sources generally bear to chronicles. There may be sequences of correspondence 
that were written at such regular time intervals that they thereby acquired the character 
of a chronicle but, otherwise, the correspondence can only serve to supply scattered 
fragments of knowledge. These may supply missing information in sequences derived from 
other sources, or they may serve to verify information from other sources. The first need, 
however, is for a climatologist to broadly survey the spatial and temporal distributions of 
the correspondence and to sample and describe its factual contents. 

A third source within the Company's archives offers a potential for supplying climatic 
knowledge that remains entirely unused by climatologists. These are the account books or 
business records. Fortunately, most of these documents have survived. Indeed, Ray 
(1975-1976) asserts that the accounting records of the posts are frequently more complete 
than either the post journals or the correspondence. The account books remain unused not 
only by climatologists, but also,as Ray has indicated, by historians. Therefore, while it 
is appropriate to mention them in this context, it should be stressed their potential value 
as inferential historical evidence is purely speculative and depends upon the degree to 
which climatic conditions exercised a significant influence on the yield and quality of 


furs and the flow of provisions. 


Other Potential Sources 


By virtue of the wealth of their substantive content, the breadth of their distribution 
in space and time, and the completeness of their preservation, the Hudson's Bay Company 
records are, as climatic sources, unique in North America and outstanding in global terms. 
No other Canadian source compares in quality or quantity with these records, therefore, 
they should be the main focus of attention. 

A study of the remaining historical sources is both speculative and incomplete. It is 
speculative because most of the remaining sources have not yet been used extensively in 
climatic research and their utility is largely untested. The discussion is incomplete 
because it refers only to a few selected examples taken from a miscellany of scattered and 
often poorly catalogued sources. 

Figure 2 gives general categories of sources of historical evidence in Canada, and 
these have been applied in isolated research in the west and north. In a study of 


long-term variations of freeze-up and break-up dates since 1876 along the Mackenzie River, 
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Mackay (1961) used data from a miscellany of sources including government officers, 
missionaries, the Royal Canadian Mounted Police (R.C.M.P.), traders and others. Sources of 
this nature generated a large part of the dates of freeze-up and break-up contained in the 
first official tabulation of these dates in Canada. "Data were obtained from a wide 
variety of sources including...newspaper files, power companies, public utility companies, 
harbour commissions, transportation companies, church missions, R.C.M.P., other 
governmental agencies, and many private companies and individuals" (Canada, Meteorological 
Branch, 1959). The Atmospheric Environment Service has recently published a study of the 
agricultural weather in the Red River Basin of Manitoba since 1800 (Allsop, 1977). It 
includes historical evidence derived from the various sources identified in Figure 10. 
Written records have also been used to enhance the detail of weather observation and 
description in the modern, instrumental period. Hage (1977) derived information on the 
occurrence of tornadoes in Alberta between 1900 and 1975 from a miscellany of sources 
including newspapers, diaries, letters, taped interviews, travel accounts, the records of 


churches, schools, towns and from local histories. 


Records of the Royal Canadian Mounted Police* 

The predecessor of the R.C.M.P., the North West Mounted Police, was created in 1873 to 
police the territory from the western border of Manitoba to the Rockies. The recency of 
this date would, at first sight, appear to disqualify as useful climatic evidence any 
records that the force might have preserved. It is true that historical records which 
predate the advent of standardized weather observations by only a few years have no 
potential for yielding useful long sequences of data. However, the early records do offer 
a potential in one field of study since they were written in the prairies immediately 
before and during the advance of the settlement frontier. Climatologistshave speculated 
that agricultural development modified some aspects of the prairie environment and its 
climate, and the brief records of the R.C.M.P. may be brought to bear on this question. 

Perhaps the greatest potential in this context is offered by the prairie fire reports. 
Information on prairie fires is first available in the R.C.M.P. records of 1886 but this 
became somewhat standardized after the enactment of the Prairie Fire Ordinance in 1889. 
This ordinance made the act of setting prairie fires illegal and allowed the R.C.M.P. to 
appoint Fire Guardians empowered to require settlers to assist in fire control. In this 
year, each regional division of the force was required to submit a monthly prairie fire 
report to the Commissioner, indicating where each fire occurred, and the action that the 
police took to combat and investigate its cause. These reports were systematically kept, 
but they lack a common format. While some divisions reported on forms, others reported in 
letters. Table © indicates the annual availability of files containing prairie fire 


reports but it does not identify particular divisions or months in which these occur. 


*Ed. note: R.C.M.P. is used in the broad sense here. The North West Mounted Police was 
created on August 30, 1873 and lasted until June 24, 1904, when it was replaced by the 
Royal North-West Mounted Police. The latter force survived until February 1, 1920, when it 


was replaced by the Royal Canadian Mounted Police (S. Horrall, personal communication, 
1979). 
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TABLE 6: R.C.M.P. FILES CONTAINING PRAIRIE FIRE REPORTS (FROM CATALOGUE OF 
RECORDS OF COMMISSIONER'S OFFICE IN RG 18 B, PUBLIC ARCHIVES OF 
CANADA). 

Year File Title Volume and File in RG 18 

1886 Prairie Fires 1036/50 

1887 Precautions Against Prairie Fires 1060/83 - 1887 

1888 Prairie Fires 1104/163 - 1888 

1888 Prairie Fires 1105/164 - 1888 

1889 Prairie Fires 1136/151 - 1889 

1890 Prairie Fires 1171/1837 1890 

1891 Prairie Fires 1201/1S7EETSON 

1892 Prairie Fires 1234/137 - 1892 

1893 Prairie Fires 126271871898 

1894 Prairie Fires 1292/64 - 1894 

1895 Prairie Fires S27 / 58a lB Se (Par. sand) 2) 

1896 Prairie Fires, Monthly Reports 1351758" — L896" (Part 1) 

1896 Prairie Fires, Special Reports 1352/58 LSI Ge (Part 2) 

1897 Prairie Fires, Monthly Reports 1380/58 "6897 (Part 1) 

1897 Prairie Fires, Special Reports 1380758 T897A (Part) 

1899 Prairie Fires 1434/58 - 1899 
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TABLE 7: 


Year 


1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


Note: 


WEEKLY REPORTS SUBMITTED BY DIVISIONS OF THE COMMISSIONER FROM 1887 TO 
1899 (FROM CATALOGUE OF RECORDS OF COMMISSIONER'S OFFICE IN RG 18 B, 
PUBLIC ARCHIVES OF CANADA). 


S&S Se ye ee Se Se SS Se 


DÉS Se SPN PS wee 


De RS Ges iPS RS) Jess Ss 


Division 
C D E iy G H K Depot 
Ÿ x Vv 4 V xX V Vv 
Vv xX Vv Vv V 4 V Vv 
i) x / / V vy tl x 
4 x Vv Vv x Vv V4 Xx 
v x x V4 Vv Vv V Vv 
"A X 4 Vv Vv Vv Vv x 
Vv x x V4 Vv Vv x v 
Vv Xx / V4 Vv Vv Vv x 
V x Vv 4 V Ÿ Vv X 
Vv Vv V4 Vv Vv x V Xx 
vy V x x x x x x 
Vv V V4 4 A x Vv x 
Vv 4 Vv V4 V Xx X 


These divisions are each composed of a large region in the prairies. The 
divisions were designated by letters. Designations varied from time to time but 
eventually they were established as follows: 


B or Depot 
A 
(ce 
D 
E 


Ticks (7) and 


Regina, Saskatchewan 
Maple Creek, Saskatchewan 
Battleford, Saskatchewan 
Fort Macleod, Alberta 
Calgary, Alberta 


= Prince Albert, Saskatchewan 
= Fort Saskatchewan, Alberta 
= MacLeod, Alberta 

= Lethbridge, Alberta 


Ama y 
| 


crosses (x) indicate that reports are present or absent, respectively. 
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TABLE 8: 


Year 


1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
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MONTHLY REPORTS SUBMITTED BY DIVISIONS TO THE COMMISSIONER FROM 1884 TO 
1899 (FROM CATALOGUE OF RECORDS OF COMMISSIONER'S OFFICE IN RG 18 B, 
PUBLIC ARCHIVES OF CANADA). * 
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The prairie fire reports may provide an insight into the problem of the origin of the 
grasslands and the question concerning the role man played in the development of the 
grasslands. These reports were used by Raby (1966) in a study of prairie fires in the last 
two decades of the nineteenth century, while a study of the causes and effects of prairie 
fires over the last three centuries was conducted by Nelson and England (1971). 

In addition to the prairie fire reports, the R.C.M.P. files contain a hierarchy of 
general reports that were kept at regular intervals. These were the official media of 
reporting up the chain of command from patrols to detachments, from detachments to 
divisions and from divisions to the Commissioner. Patrol reports were irregular in 
occurrence, and the detachment reports were often discontinuous since many detachments 
operated only in summer. However, the divisional reports were regularly made at weekly, 
monthly and annual intervals. Tables 7 and 8 indicate the availability of weekly and 
monthly divisional reports dating from the nineteenth century and preserved in the records 
of the Commissioner's office. 

These reports concentrate on the main duties of the force, namely maintenance of law 
and order, pacification of the Indians, suppression of the liquor trade and collection of 
customs dues. The fact that the force functioned in a climatically extreme environment 
suggests that their reports include evidence of climatic conditions in the period 
immediately before the agricultural development of the prairies. However, a preliminary 
survey of the contents of the reports has yet to be undertaken. 

No climatic use has been made of the files of the R.C.M.P., other than the prairie fire 
reports. However, it is noteworthy that the R.C.M.P. is a paramilitary organization and 
that nineteenth century meteorological records of the U.S. Army kept at military posts in 


the great plains, have been used as evidence of climatic change (Lawson 1974). 


Dominion Land Surveyors' Records 

These records have an affinity with those of the R.C.M.P. insofar as they derive froma 
government agency, are roughly coincident in space and time, and share a Similar potential 
as evidence of climatic change. Thus, the Dominion Land Surveyors' records may indicate 
environmental conditions in the prairies prior to, and during, the agricultural 
colonization. They offer no potential for reconstructing long-series of climatic data, 
however. 

The Department of the Interior laid down the township and range system in the Prairie 
Provinces between 1869 and 1930. This was accomplished by small, independent survey 
groups. There were two periods of most active surveying, the greatest activity occurring 
from about 1910 to about 1920. Another period of peak activity took place in the 
early 1880's. 

The Dominion Land Surveyors' records comprise two groups of documents that are 
descriptive of the prairie environment and weather. The surveyors were required to keep a 


daily diary and apparently this requirement was well enforced since the diaries were kept 
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TABLE 9: ANNUAL NUMBERS OF DOMINION LAND SURVEYORS' DIARIES PRESERVED IN PROVINCIAL 
ARCHIVES, PRAIRIE PROVINCES, 1869 - 1899. 


YEAR MANITOBA SASKATCHEWAN ALBERTA TOTAL 
1869 4 0 0 4 
1870 0 0 0 0) 
1871 9 0 0 9 
11872 Ê) 0 0 9 
1873 ALS) 0 0 15 
1874 15 0 0 15 
1875 16 0 0 16 
1876 5 0 0 5 
1877 3 0 0 3 
1878 al 0 0 qt 
1879 8 0 0 8 
1880 7 2 0 ©) 
1881 7 17 ay 25 
1882 aL 32 12 45 
1883 2 14 20 36 
1884 0 3 16 19 
1885 il il 4 6 
1886 23 6 4 33 
1887 4 iL 6 LL 
1888 2 0 4 6 
1889 2 5 3 10 
1890 2 3 1 6 
1891 1 0 ne 2 
1892 0 2 0 2 
1893 1 = 5 10 
1894 4 3 4 I 
1895 iL L 5 7 
1896 2 it 5 8 
1897 4 2 2 8 
1898 9 2 7 18 
1899 13 al 8 22 


not only during surveying, but also during periods of travel to and from the field. 

Table 9 gives the number of diaries kept in each year in the three prairie provinces from 
1869 to 1899. In addition, the surveyors kept field note books which described the 
vegetation and soils of each township at the time of the survey, often with annotated 
sketch maps. The note books afford a means of reconstructing vegetation and soil patterns 
of the prairies immediately before colonization. Watts (1960), in a general way, has used 
the note books for this purpose, but scope exists for detailed studies. 

The contents of the diaries as climatic sources have not been examined systematically, 
but apparently they make frequent references to the weather. Their authors were clearly at 
pains to identify in their diaries the many problems and difficulties that interfered with 
their surveying, and adverse weather was a major problem in this context. The diaries 
focus to a greater or lesser extent on adverse weather conditions. A particular benefit of 
the land surveyors' papers is that they were written by individuals who were highly 
conscious of place, so they do not suffer from that common weakness of historical evidence 


- an uncertainty about the location at which it was written. 


Church and Missionary Records 

In the vanguard of the exploration and settlement of western and northern Canada were 
missionaries and church ministers. They were literate with close links to administrative 
headquarters. These circumstances encouraged a high volume of written correspondence and 
reporting, together with the keeping of journals and diaries. Efficient archival practices 
of religious organizations have facilitated the preservation of these documents. 

The period of record varies greatly in the different Canadian regions. In western 
Canada it dates generally from the early and middle decades of the nineteenth century. 

Most prominent among the religious archives are those of the Church Missionary Society, the 
Oblates of Mary Immaculate and the Sisters of Charity. The records of the Oblates, for 
example, comprise an extensive collection that has been centrally organized and contains a 
near complete collection of mission journals kept throughout northern and western Canada. 
Although the Oblate codex historicus spans briefer periods than many of the Hudson's Bay 
Company post journals, it shows many of the attributes of the post journals as a source for 
historical environmental information. 

An example of the spatial and temporal distribution of this category of journals is 
given in Table 10. This is an alphabetical listing by author of each journal preserved in 
the archives of the Church Missionary Society and identified as such in the CMS Finding Aid 
within the Public Archives of Manitoba. 

The records of church and missionary organizations, like those of government agencies, 
do not appear to have been subject to extensive or systematic use by climatologists in 
Canada. However, several records in this category were among those used by Allsop (1977) 


in his study of climatic conditions in the Red River Settlement since 1800. 
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TABLE 10: 


LIST OF JOURNALS AND DIARIES OF THE CHURCH MISSIONARY SOCIETY 


RECORDED IN THE CMS FINDING AID IN THE PUBLIC ARCHIVES OF MANITOBA. 
THE AUTHOR, DATES AND LOCATION (IF KNOWN) OF EACH DIARY WRITTEN PRIOR 
TO 1870, IS GIVEN). 


Author 


Budd, Henry 


Cochran, William 


Cook, Thomas 


Cowley, Abraham 


Gardiner, Joseph 


George, Henry 


Hillyer, Charles 
Horden, John 


Hunt, Robert 


Hunter, James 


James, Robert 


Jones, David T. 


Kirkby, William 


McKay, J.A. 


Mason, William 


Dates 


Dees YA, Isis Marche 29 1857 
Apridi a, L857 9 Sept. 0 MIS ou) 
Ween 2, Ie = wns IIb, Iktsiey) 


Auge 25 828 time le r829 
Sep. LS AUS VE lisse 

Aug. 4, 1826 - June 10, 1846 
DCE MOI — Thuis Il, Alieiey2 
Sept. 28, 1841 - July 15, 1848 
JVC AIS FE MAUE CM TS EMLSSE 
Aug. 20, 1859 — Nov. 14, 1866 
Au MIS AE SI 18062 
Jan If, SSeDE i, 18068 

Nov. 29, 1869 - Dec. 4, 1870 


March 29 — May 19, 1855 
Aug. 26, 856) une IZ 1857 


1852 
June 8, 1851 - Dec. 25, 1861 


JUL AS OS MO > willie SEF SNL 
RURAL MSI MUC E ON Ar, ILE 


Mein Ik, Wfeyva = Sept WS), Tes 
June 6, 1858 - Aug. 13, 1860 
Aug. 18, 1860 - Dec. 15, 1864 
Oct 65) Lé4on— Tuily Si Ls sill 
Seine I, Iss} > Weis BS, 1120 
Auge le 2 une 7 less 
June 2-82 AGE 211889 
June S5 ASS 2 DEC MISEATESS 
AUS LS LOS CET 20 PTE 6 0 
June 21, 1863 - May 14, 1868 
Sept. 19, 1868 — Dec. 1, 1869 


June S LS SEEN Janey. 869 


McDonald, Robert M. Oct. 6, 1853 - June 17, 1860 


Phair, Robert 


Pratt, Charles 
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AU AD, Aisles) S Wyeie5 27 1808 


Oct. 26, 1864 — Feb. 5, "1869 


July Si) ssi Nan. sil 860 
Jan. 1 - Dec. 25, 1869 


Location 


Cumberland House 
Nepowewin Station 
The Pas 


Red River 

Red River 

Red River 
Cumberland House 
Red River 

Red River 

Red River 

York Factory 
Fort Churchill 


Red River 


Fort Alexander 
Cumberland House 


Red River 
Moose Factory 


Lac La Ronge 
English River 


Cumberland House 
Fort Simpson 
Red River 

Grand Rapids 
Red River 

Red River 

Red River 

Red River 

Red River 
Mackenzie River 
Stanley 


York Factory 


Islington 
Fort Youcon 


Fort Alexander 


Fort Pelly 
L'Appette 


A88 


A89 


A91 


A92 
A92 


A92 


A93 


A81 


Archive Number 


A83 
A84-85 
A99 


A77 
A77 
A85 
A86 
A86 
A84 
A8 7 
A87 
A87 
A98 


A87 
A87 


A88 


and A89 


A89 
and A90 


A91 
A91 
and A92 
A92 
A77 
A77 
A92 
and A93 
and A93 
A93 
A98 
and A95 


A93 
and A94 


A95 


A95 
and A98 


Roberts, John Sept. 28, 1841 - July 11, 1842 Red River A95 


Settee, James June 11, 1852 - Aug. 21, 1852 Lac La Ronge A95 
July 6, 1854 - June 15, 1856 Shoal River A95 
July 10, 1856 - June 5, 1857 Red River A95 
April 6, 1860 - Jan. 20, 1868 Fort Pelly A95 
Sept. 24, 1867 - March 1, 1869 Scanterbury A95 
Smith, Robert T. Jan. 1, 1861 - Dec. 30, 1862 English River A95 
Smithurst, John Dec. 25, 1839 - Feb. 1, 1851 Red River A96 and A97 
Stagg, William, Feb. 12, 1854 - April 8, 1859 Red River A97 
Vincent, James Aug. 19, 1865 - Aug. 15, 1866 Albany A97 
Vincent, Thomas June 16, 1856 - Dec. 30, 1865 Moose Factory A98 
Watkins, E.A. Sept. 1, 1852 — Aug. 27, 1857 Fort George A97 and A98 
Aug A, IieIs7/ > caqbillyy ab, abis}ey2) Red River A98 
July 3, 1858 - June 30, 1863 Cumberland House A98 


West, John, June 10, 1821 - Oct. 24, 1824 Red River A77 and A97 


TABLE 11: 


Subject 


Ice 


Snow 


Rain 


Wind 


Other 
Weather 
Phenomena 


REFERENCES TO WEATHER PHENOMENA IN THE DIARY OF SAMUEL TAYLOR (THIS 


DIARY IS IN TWO VOLUMES IDENTIFIED AS 1849-1857, AND 1859-1867. 
INITIALLY IT WAS WRITTEN AT MOOSE FACTORY, FROM 1849-1857, AND LATER 


IT WAS WRITTEN AT THE RED RIVER SETTLEMENT, 1859-1867. THE NUMBERS 
IDENTIFY THE PAGES IN EACH VOLUME ON WHICH THE REFERENCES OCCUR). 


Moose Factory 1849-1857 Red River 1859-1867 
(First Volume) (First Volume) (Second Volume) 

Ne Bn Bip UWA, wp UO, 2A- a, AE Sil, 53; 57; 3, Bp, We, Oo, 

BAO, By 30, Bil, As Bei, G2, GO, Op, Wl, 24/0257 29730; 
UO, T2 Elo Sp st, SY, Adc 

5, Hr Dy WU, We=i9), ADF “Nel, Sill, SA, Ss} (not indexed) 

293-2528, 30), 88-35; 57-63, 65-67, 69- 

40-44. 71, 76-77, 80-82; 

WS, tp BP, An 2p SsO= 45-47, 52, 54-58, Wp 25 3, 5: Or 

41. 62-66, 70-76, 82, 8-14, 17, 19-23, 
83. 25), 30), 32=40), 

43, 44. 

29, Pan 95, Bil, AS AVE 45-48, 50-66, 68- SSH 7; IS), 

74, 76, 78, 80-83. 20/22/2429" 


31-36, 39-44. 


132678797714 45-48, 50-78, 1-14, 16-44. 
16-19 22-24, 26, 28, 80-83. 
30-44. 


(Indexing attributed to H. Bowsfield, former Archivist, Public Archives of Manitoba). 
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Private Records 


The diaries, journals and correspondence of early settlers, explorers and travellers 
comprise this category of evidence. These records are voluminous, heterogeneous and 
scattered throughout the archives and libraries of Canada and they have not yet been 
submitted to any form of general classification or interpretation for climatological 
purposes. 

An indexing of the references to weather phenomena in the diary of Samuel Taylor 
illustrates the potential of these sources (Table 11). This diary was kept from 1849 to 
1867, being written both at Moose Factory (1849-1857) and at the Red River Settlement 
(1859-1867). 

Within the Red River Settlement at least ten surviving private diaries were kept at 
various times between 1810 and 1870 (Figure 10) and these comprise one of the major 
categories of evidence used in Allsop's (1977) study of the agricultural weather within the 
settlement. A glimpse at the role that private correspondence might play in this context 
is provided by the indexing of references to weather phenomena contained in the letters 


written by and to Louis Riel (Table 12). 
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1860 


1860 


10 


1870 


12 = 


1870 


Numbers of Journals 


kept Annually 


Selkirk Papers 
Hudson’s Bay Co. 


Sisters of Charity 


Private Journals 
and Diaries 


Church Missionary 


Society 


A selection of the general chronicles kept in the Red River Settlement, 


1810 to 


1870. 


This ts based on the chronicles catalogued in the 


inventory of the Public Archives of Manitoba, the Church Missionary 


Soctety finding aid, and the Hudson! 


Bay Company's archival catalogues. 


TABLE 12: REFERENCES TO WEATHER PHENOMENA CONTAINED IN LOUIS RIEL PAPERS, 
PUBLIC ARCHIVES OF MANITOBA. (THE NUMBERS ARE THE CATALOGUE 
NUMBERS OF PARTICULAR ITEMS IN THE PAPERS). 
Year Locations 
Assiniboine RENE Red River 
River Cross Settlement Saskatchewan 
1868 Snow (8) 
1870 eon. Le ee Fa et eae Ton 
1871 Rain (101) Floods (87, Rain (107) 
89) 
1872 Ice (147, 
154) 
1873 Rain (209) 
1875 Floods (312) 
1876 Floods (319, 
320) 
1877 Snow (330) 
1880 Floods (388, 


389) 


(Indexing attributed to H. Bowsfield - see Table 11). 


Winnipeg 


Weather (189) 
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HISTORICAL, HYDROLOGICAL AND PHYSICAL EVIDENCE OF CHANGING CLIMATE IN EASTERN CANADA 
Claude Hillaire-Marcel, Serge Occhietti and Gilbert Prichonnet* 
INTRODUCTION 


In its original conception, this research program consisted of using historical data to 
trace the variations in climate which have occurred in Eastern Canada since colonization. 
However, we quickly perceived that an empirical approach would be unsatisfactory for two 
main reasons. The first is that a number of documents contained in archives are only of 
partial interest from our point of view. Analysis of these on an enormous scale would bear 
little fruit. We therefore decided upon a narrower but more penetrating approach to the 
historical data. We experimented with two methods of study: one consisted of using 
various sources to do systematic research on one type of information which is linked to 
climate (see for example project 2 by Prichonnet), the other of methodically analyzing a 
particular category of documents which a priori we assumed to be rich in data on climate 
(see for example project 1 by S. Occhietti). 

The other aspect of this program,which we believe is worthy of consideration, is the 
fact that the collection of data linked to climate is not sufficient in itself. In fact, 
even though the date of the break up of the ice at Moose Factory (Moodie and Catchpole 
1976), or the frequency of spring floods in the valley of the lower St. Lawrence (project 
2), seem to be solidly linked to climate, at first glance one would not know how. In other 
words, these data can reflect numerous effects of climate. Let us examine the local 
instances: were they the result of the melting of a large amount of snow - and thus 
greater winter precipitation - or of a more rapid melting of the snow following a sharp 
increase in temperature or simply of a difficult break up of the ice - and thus perhaps of 
thicker ice in the river? 

Such questions prompted us to add a study of physical data on the climate and the 
environment of the last few centuries to the two approaches mentioned above. This 
involves, on one hand, searching for continuous and precise information on the different 
parameters which define climate and, on the other hand, the study of natural cycles from 
which variations in climate originate. Thus we have conceived the third project of this 
program (physical data on the climate and the climatic cycles in Eastern Canada in 


historical times). 


HISTORICAL STUDY OF VARIATIONS IN CLIMATE IN EASTERN CANADA: INVENTORY OF DOCUMENTS 


( PROJECT 1) 
Serge Occhietti 
The study of the periodicity of variations in climate is essential to the determination 


* Université du Québec a Montréal, Québec, H3C 3P8 
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of the causes of changes in climate. For the period of history with which we are 
concerned, the indices which are used for this purpose come under different disciplines, 
e.g. dendrochronology or coastal morphology (see Hillaire-Marcel's report - project 3), or 
are obtained by analyzing quantitative and qualitative data contained in different written 
documents (see for example Landsberg and Kaylor 1976, 1977; Moodie and Catchpole 1976; Lamb 
1977) 

This project, the first results of which are presented here, consists of reconstructing 
the variations in climate in Eastern Canada since colonization, with the use of historical 
documents. In order to avoid a haphazard analysis of the mass of documents available, 
research on them was provisionally limited to two kinds of material likely to furnish 
direct paleoclimatic indices: newspapers and periodicals on the one hand, and reports of 
port and maritime activity on the other. The first phase of the project (December 15, 1977 
to March 31, 1978) affirms that the first documents which we have consulted contain 
Significant indices of fluctuations in climate and that numerous other documents, yet to be 
analyzed, are potential sources of pertinent information. 

The inventory of texts is currently being carried out by a document researcher 
(D. Rochon) whose job consists of finding references to the newspapers and periodicals 
published in Eastern Canada and selecting those which are likely to contain data on 
climate. At the same time, a master's student in environmental sciences (L. Marchand) is 
analyzing the logged periodicals and is doing the inventory of port records. Figure 1 
provides a preliminary series of usable periodicals. A few other documents complete this 
table: the meteorological journal of Captain Vaughan in the Strait of Belle Isle from 
May 1, 1859 to May 31, 1860; the reports of the Harbourmaster of Montréal from 1879 to 
1884; the list of final dates of arrival or departure of ocean-going vessels to and from 
the Port of Montréal between 1840 and 1949; records of the Port of Québec (1779-1922); 
meteorological observations at Saint-Modeste (1861-1872), archives of the Seminary of 
Rimouski; public records of Nova Scotia at Halifax. 

For this initial phase of the inventory, the indices of climate fall into three 
distinct periods. From approximately 1900 until today, meteorological documents have 
sufficient continuity to permit a direct analysis of climate (Thomas 1975). We have 
temporarily ignored this third period in our research on documents. The second period 
begins with the appearance of the first periodicals in Québec around 1780. In spite of the 
absence of meteorological stations, the indices of climate taken from three periodicals and 
from the books of the ports will probably permit a reconstruction of one or of several 
Original curves of climatic trends. The first period, before 1780, is the poorest in 
documentation. It involves a search for periodicals in the Atlantic Provinces (records in 
Ottawa, Halifax and probably in the United States and England), the analysis of port 
documents of Québec and the Atlantic Provinces, and possibly the records of religious 
orders in Québec. The movement of ships coming from Europe may have to be researched in 
England (at Lloyd's, for example) and in France (National Library, Naval Archives). 

The kinds of climatic indices which are recognized to date are the following: measures 
of temperature, of barometric pressure, of wind direction, descriptions of cloud cover and 


type of precipitation, and indirect indicators such as movement of vessels, and water 
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levels in the ports. Among these data, two indices are currently being systematically 
analyzed. They are: temperature readings and apparent or actual opening and closing dates 
of ports. Temperature readings, once they have been adjusted, provide direct climatic 
data. Unfortunately, such records are unknown before approximately 1800, and before the 
establishment of meteorological stations (between 1800 and 1880) they are intermittent. 
They will be dealt with at the end of the inventory. The activity of the ports reflects 
the freezing over of the Saint Lawrence waterway. It is a relatively significant index of 
climate which nevertheless requires prior interpretation. For example, an early closing of 
the Port of Montréal certainly means the early arrival of winter, but not necessarily a 
severe winter or an average temperature for that year that is less than normal. A late 
opening of the port ordinarily indicates a late thaw, but may also reflect a protracted 
ice jam retarded by spring frosts. The length of time that the port is closed is probably 
more indicative of winter-related fluctuations (Figure 2). Finally, before 1870, only 
dates of the first arrivals and the last departures of ships have been found, thus making 
the climatic index less precise. 

In conclusion, preliminary analysis of some of the available data reveals climatic 


fluctuations and, although fragmentary, these initial results are very promising. 


STUDY OF VARIATIONS IN THE FLOW OF RIVERS AND IN THE LEVEL OF SOME OF THE LAKES OF SOUTHERN 
QUEBEC: ICE JAMS, ICE BREAK UPS, FLOODS, MOVEMENT OF SEDIMENT (PROJECT 2) 


G. Prichonnet 


THEMES AND DOCUMENTATION 


The first stage of this research basically consisted of identifying appropriate 
documents which were available.: Although the purpose of our work is to bring to light the 
total picture of the evolution of the climate (general cyclicity and periodicity of extreme 
events), for purposes of analysis it is possible to classify the available documents 


according to themes: 


Ice jams - Documents of the Coast Guard - National Harbours Board. Port of 
Montréal. 
Research Area: navigable channel from Montréal to Trois-Rivières. 

Ice break-ups - Unpublished documents of the Ministry of Natural Resources of Québec (of 
which we obtained a copy). 
Research Area: principal rivers flowing into the north shore of the St. 
Lawrence (Assomption, Nord Rouge,...) and the Richelieu (south shore). 

F loods - The final report of the Committee on the Regulation of Waters, Montréal 
region (Federal - Provincial agreement) enabled us to identify 


references relating to these catastrophes. 
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FIGURE 2: 
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Dates of opening and elosing of the Port of Montréal from 1870 to 1915, 


and number of days Port was closed (right). 
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General Aspects - Yearbooks of Hydrology (M.R.N.Q.: 1964 and before; federal documents 
1922 to 1964) and the Monthly and Yearly Mean Water Levels (Environment 


Canada); etc. will be reviewed. 


REMARKS AND PROSPECTS 


It appears that a few periods of dryness (1930-1936; 1960-1964) or of repeatedly 
swollen waters accompanied by floods have occurred during the past few decades. A graphic 
analysis of water levels in rivers and lakes has been undertaken elsewhere (see Figure 3) 
and it is likely to contribute to an understanding of periodic changes in amount of 


precipitation. 


For 1978-1979 we plan to analyze the available data (reduction in water levels, rising 
waters, ice jams, ice break-ups) graphically and statistically in order to compare their 
changes to those of the temperature and precipitation curves. In addition, given the 
economic importance of floods in densely populated areas of southern Québec, we will Eny to 
identify two or three sites on the flood plain suitable for core sampling of recent 
sediments. A thin layer of deposits might represent a record of events related to climate 


which are more widespread than those indicated in historical records. 


PHYSICAL DATA ON THE CLIMATE AND CLIMATIC CYCLES IN EASTERN CANADA DURING HISTORICAL TIMES 


(PROJECT 3) 


Claude Hillaire-Marcel 


PRINCIPLES OF THE STUDY 


I believe that the concept of climatic cycles underlies any research about climate and, 
further, that paleoclimatic studies devoted to the last few millennia of our era are only of 
real interest in that they permit the eventual projection or extrapolation of such cycles 
for the future. It is unnecessary to give a detailed account of the importance of weather 
forecasting in the short and medium term. Today, numerous international bodies devote part 
of their discussions to this subject. These include: the Sixth Special General Assembly 
of the United Nations; the World Food Conference (1974); symposia of the World 
Meteorological Organization, etc. In 1975 during one of the conferences of this latter 
organization, Professor H.H. Lamb concluded his presentation by saying: "Projects of 
prediction hang to a large extent on the understanding of... frequency changes and any 
cycles or quasiperiodicities which can be identified... Impressions so far formed from work 
in the Climatic Research Unit* are that some significance must be attached to quasi-cyclic 


recurrences on time-scales of about 2.5 to 6, 12, 19, 22-23, 50, 90, 100 and 200 years, as 


*Ed. note: Climatic Research Unit, University of East Anglia, Norwich, England 
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well as some much longer time-scales. We believe that those of about 5 to 6 years, 22 to 


23 years, and especially those of around 50 years and 200 years, have received too little 


attention". 


Work based on this premise had been carried out in collaboration with Professor 
R.W. Fairbridge (Fairbridge and Hillaire-Marcel 1977) prior to Lamb's suggestion in 1975. 
During the various stages of that work devoted to the development of chronological series 
linked to climate, we often encountered skepticism on the part of colleagues concerning 
these cycles or the importance of studying them. Prof. H.E. Fritts, who has contributed 
greatly to the study of dendroclimatology, reminded us that in the final analysis a 
multitude of cycles could be counted. I believe that the answer to the questions one 
thinks about on climatic rhythmicity lies in this remark. All possible cycles are 
reflected in natural phenomena; their causes can be found only by trying to understand 
their spatial distributions and above all their interrelationships. 

In this regard, we believed that we were the first to have observed at Hudson Bay the 
effect of the Double-Hale 45-year solar cycle using data on sea levels. Now, bibliographic 
searches have shown that Dr. F. Morsetti made a similar observation as early as 1963 by 
comparing tide-gauge data of Northern Europe with that of the Indian Ocean. Furthermore, he 
associated this cycle with oscillations in the world's magnetic field. Morsetti also noted 
an opposition of phase between the cycles of these two regions of the globe. We are 
convinced that such observations are the kind which will provide the answer we are seeking: 
the links between geodynamic phenomena, which are internal (geomagnetism) and external 
(solar cycles, conjunctions of planets), and oscillations in sea level, for example. 

These preliminary remarks enable us to describe an approach to the problem. We may 
begin our study by comparing physical data which have been generally available on an 
uninterrupted basis for decades. Not only are we familiar with solar activity during this 
period (see Eddy 1977), but in addition we have data on the following parameters for 
numerous meteorological and geophysical stations in Eastern Canada: temperature, 
precipitation, atmospheric pressure, gravimetric variations, magnetic variations, 
tide-gauge variations, etc. 

After selecting a few sites, the study will consist of correlating these data with a 
view to: (1) revealing similar or opposing tendencies in the fluctuations and (2) noting 
future cycles. 

In dealing with such a brief period, one cannot hope to uncover long cycles, so, in 
addition, we have undertaken a parallel mathematical analysis of the chronological series 
available for the last few centuries in dendroclimatology, for example (Wiseman et al. 
1976), or the last millennia (curves by Hillaire-Marcel and Occhietti 1977, and Fairbridge 
and Hillaire-Marcel 1977). In dealing with the last few centuries, we will analyze the 
data collected in projects 1 and 2 by Gilbert Prichonnet and Serge Occhietti in the same 
Way. Furthermore, we are starting an analysis of oxygen 18 found in Lee rings studied by 
Wiseman et al. (1976). This will enable us to extrapolate the average annual temperatures 
for the Fort Chimo region during the 18th century (cf Libby et al. 1976; Gray and Thompson 
1976). 
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OBSERVED CYCLICAL TRENDS 


We already know of data which indicate: (1) a latitudinal pattern of cycles, and (2) 
"selective" responses to these cycles. By this we mean that, in a particular region, 
natural phenomena do not reflect a single cycle, but sometimes multiples or sub-multiples 


of that cycle. Illustrations of these phenomena follow: 


1. Latitudinal Trends 

As examples, different phenomena (registered over fairly long periods of time) reveal 
cycles of different periodicities. Thus the Great Lakes seem to conform to the Hale 
22-year cycle - as does Southern James Bay probably - while in Hudson Bay the Double-Hale 
45-year cycle appears in the construction of the raised beaches, which are formed by 
periodic strong littoral activity (storms with high tides). Farther north in Hudson Strait, 
these same raised beaches, depending on the direction in which they face, reflect either 
the 45-year cycle or at least a double cycle (80-90 years ?). Further, dendroclimatic 
variations from Fort Chimo may suggest a Similar superimposition of cycles. Finally, to 
complete the picture, it would be useful to recall the Fourier series analyses of the core 
samples of ice from Camp Century in Greenland, where a 181-year cycle (either 2 X 90, or 
4 X 45, or 8 X 22 years) stands out clearly (Johnsen et al. 1970). It is worth noting 


that at the lowest latitudes, the most frequent cycles last 11 and 22 years (Schove 1964). 


2. Selected Responses and Superimposed Cycles 


The preferred location of the beaches on the north side of Ungava Bay already provide 
an example of a selective response to the 45-year cycle in one case and,notably, to the 
double cycle (80-90 years) in the other case. 

An example from the Great Lakes region also deserves mention here. If the level of the 
lakes is related to the atmospheric precipitation over the same period of time, it is found 
that the lakes have a certain inertness and they do not consistently reflect the variations 
in precipitation. In fact, it would seem that the Great Lakes "filter" the background 
noise of the oscillations of short periodicity (which show up nevertheless as 
precipitation) and reveal practically only the 22-year cycle. 

If the curve of the secondary fluctuations in sea level at Richmond Gulf in eastern 
Hudson Bay is examined more closely, many cycles (including one of approximately 1080 
years),which were apparently superimposed by an oscillatory damping (Figure 4),are 
revealed. Finally, we may recall the 78-year cycle superimposed on that of 181 years in the 


Camp Century data. 


3. Causes and Implied Mechanisms 


As yet we have only a few examples of the connection between two phenomena which are, 
as a rule, separate. Let us remember Morsetti's (1963) observations on the relation 
between the magnetic field and average sea level. In addition, probably a number of 
phenomena conforming to the same variable can display a certain similarity in their 


responses. Extrapolating Lutz's (1969) data, it is possible to state that a variation in 


x103 Sidereal years BP 
8 


FIGURE 4: 
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Curve of the postglacial emergence rate in the Richmond Gulf. Fluctuations 
of the second order are superimposed on an apparent osetllatory damping 
(century-long oscillations and a 1080-year cycle ? cf. Fairbridge 1978). 
Each potnt on the curve represents the rudimentary cycle of 45 years 
(sliding average). In reality, the construction of the raised beaches 
seems to correspond to a pertodtetty of (n x 11) years; 2 £ n 8. (ef. 
Hillaire-Marcel 1978). 


terrestrial attraction, for example, would entail changes in the usual pattern of 
precipitation. Furthermore, in the preceding problem, the link between the magnetic field 
and periods of intense storms affecting coastal regions might be, according to Fairbridge 
(personal communication, 1978),the beginning of a preferential system of low pressure areas 
over the magnetic poles. Thus the storm patterns would be altered. 

These remarks indicate the paths along which our work will proceed. We plan to 
complete the mathematical treatment of climatic curves (or curves with climatic 
connotations) which permit the discovery of natural cycles with correlations of recent 
trends observed in the physical parameters, such as we have been able to measure in the 


last few decades. We hope that similarities of these trends will explain the nature and 


perhaps the origin of the cycles. 


Fiat 
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A REVIEW OF PALEOBOTANICAL STUDIES DEALING WITH THE LAST 20,000 YEARS; ALASKA, CANADA AND 
GREENLAND 


DAVIS? 
E.V. Sangster* 


INTRODUCTION 


In 1977 the National Museums of Canada initiated a project "Climatic change in Canada for 
the last 20,000 years". This paper is part of that program and is designed to provide a 
resumé of published paleobotanical data. The basic area of study is Canada. However, it is 
apparent that much useful data can be derived from a knowledge of adjacent areas, thus the 
review was expanded to include Alaska and Greenland. Although information from the northern 
conterminous United States is also relevant,it is too voluminous to be included. Attempts 
were made to make this listing as complete as possible, but omissions undoubtedly occur. We 
hope future work on this project will provide the opportunity to expand the listing. 

Researchers requiring information on specific areas should consult Figure 1, for Alaska; 
Figure 2, British Columbia to Manitoba; Figure 3, Ontario to the Atlantic Provinces; Figure 4, 
Yukon and Northwest Territories; Figure 5, Greenland. Figure 6 outlines the total 
distribution of study sites and gives a visual estimate of areas of concentration and paucity 
of data. Once a site has been selected, the authors of studies at that site can be obtained 
from Table 1. Table 2 can then be consulted to obtain a summary as to author, listed 
alphabetically; date; map location of study; core length (if a palynological study) ; cl+ dates 
and their laboratory numbers; presence of ash layers; zonation; and comments of the author. 
Where no new data are presented, a précis is provided. 

Information on contemporary pollen rain can be obtained from: Anderson and Terasmae, 
1966; Bartley, 1967; Bassett, 1959; Birks, 1973, 1977; Birks, Webb and Berti, 1975; Brown, 
1962; Cain and Cain, 1953; Collins-Williams and Best, 1955; Crowder and Cuddy, 1973; Davis, 
1967; Davis and Webb, 1975; Farley-Wilson, 1975; Ives, 1977; King and Kapp, 1963; LaRush, 
1934; Lichti-Federovich, 1975; Lichti-Federovich and Ritchie 1965, 1968; McAndrews, Kroker and 
Slater, 1977; McAndrews and Power, 1973; Miller, 1973; Mott, 1969, 1974B, 1975B; Potzger, 
Courtemanche, Sylvio and Hueber, 1956; Richard, 1968, 1976; Ritchie, 1974; Ritchie and Lichti- 
Federovich, 1963, 1967; Terasmae, 1967D, 1976; Terasmae and Mott, 1964, 1965; Webb and 
McAndrews, 1976, and Wright, 1967. 

Publications on lichenometry and dendrochronology include: Andrews and Webber, 1964; 
Beschel, 1961; Beschel and Egan, 1965; Beschel and Webb, 1963; Bradley and Miller, 1972; 
Carrara and Andrews, 1972; Denton and Karlen, 1977; Locke and Locke, 1977; Luckman, 1977; 


Osborn and Taylor, 1975; Reger and Péwé, 1969; and Wright, 1975. 


* Department of Geology, University of Calgary. T2N 1N4. 
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FIGURE 1: 


Site locations tn Alaska. 


FIGURE 2: Site locations, British Columbia to Manitoba. 
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FIGURE 3: 


Site locations, Ontario to the Atlantic Provinces 


FIGURE 4: Site locations, Yukon and the Northwest Territortes. 
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FIGURE 5: 


Site locations tn Greenland. 


FIGURE 6: Site locations for Canada, Alaska and Greenland, outlining 


total distribution of sites. 
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TABLE 1: KEY TO PUBLICATIONS NUMERICALLY DESIGNATED ON FIGURES 1 TO 5 (SEE TABLE 2 FOR SITE 


INFORMATION. 
ALASKA 
1. Anderson & Bank 1952 39. Heusser 1960 
2. Anderson & Bank 1952 40. Heusser 1955A, 1960 
3. Heusser 1960 41. Heusser 1960 
4. Heusser 19632 42. Heusser 1960 
5. Heusser 1963B 43. Heusser 1960 
6. Colinvaux 1967A 44. Heusser 1960 
7. Colinvaux 1967A 45. Heusser 1960 
8. Colinvaux 1967B 46. Heusser 1954A 
9. Ager 1977 AJ Cooper, 923 
10. McCullough & Hopkins 1966 48. Heusser 1954A 
11. Colinvaux 1963, 1964B 49. Heusser 1960 
12. Matthews 19740 50. Heusser 1960 
13. McCullough & Hopkins 1966 51. Heusser 1960 
14. Hopkins, Giterman & Matthews 1976; 52. Heusser 1960 


McCullough & Hopkins 1966 
ice: ae 53. Heusser 1952, 1954B; Heusser 1960 


55 (etoili 964 
; ane a 54. Heusser 1960 


16. HH 1963A, 1966 
naka 55. Heusser 1960 


ie  oylsi 1964A, 65 
ae à a 56. Heusser 1952 


1187 li 1964A 
Colinvaux 57. Heusser 1960 


19. li 1964A; Livi 
ae ines PHARE Sn 58. Heusser 1960 


Ae Col: 1964A 
de D 59. Heusser 1952 


21. Livingst 1955 
Dore. 60. Heusser 1960 


226) Tavang sic 1955 
Re ad 61. Heusser 1960 


23. Matthews 1970, 197 
: . ie 62. Heusser 1952 


24. Ager 1975 
63. Heusser 1960 


25. Ager 1975 
64. Heusser 1952 


26. Ager 1975; And 975 
ger erson 1 65. Heusser 1960 


27. Bowman 1934 
66.. Heusser 1960 


28. Heusser 1960 
29. Heusser 1960 

BRITISH COLUMBIA 
30. Heusser 1960 


31. Heusser 1960 67. Heusser 1955B 


32. Heusser 1960 68. Heusser 1960 


33. Heusser 1955A, 1960 69. Heusser 1955E 


34. Heusser 1960 70. Heusser 1955B 


35. Hansen 1953 71. Heusser 1955B 


36. Heusser 1960 72. Heusser 1960 


37. Heusser 1960 73. Heusser 1960 


38. Heusser 1960 74. Heusser 1960 


TABLE 1: (cont'd) 


75. Heusser 1960 107. Hyvärinen & Ritchie 1975 


76. Heusser 1960 108. Yarranton & Ritchie 1972; Ritchie 1972A, 
B; Ritchie & Hare 1971; Zoltai & 


77. Heusser 1960 Tarnocai 1975 


; 1960 : 
78 FETES 109. Mackay & Terasmae 1963; Porsild 1938; 


79. Heusser 1960 Terasmae 1973 

80. Heusser 1960 110. Terasmae 1959B 

81. Hansen 1950B; Heusser 1960 ~ 111. Ritchie 1976B; Mackay & Terasmae 1963 
82. Heusser 1960; Terasmae & Fyles 1959 112. Hyvärinen & Ritchie 1975 

83. Hansen 1950B IS Nichols 1972 

84. Hansen 1950B 114. Nichols 1975 

85. Hansen 1940 PSE Waleigrels; SITE 

86. Mathewes 1976 116. Nichols 1975, 1976B 

87. Mathewes 1973A 117. Terasmae & Craig 1958 

88. Mathewes, Borden & Rouse 1972; 118. Terasmae 1968B 


Mathewes & Rouse 1975 MO. Terasnie 1967p 


89. 955 : 
FREE 1 120. Bryson, Irving & Larsen 1965; Hansell, 


90. Anderson 1973 Chant & Weintraub 1971 

91. Harrison 1976 Wilkes  (Cretelaltey AS)SyS) 

2 Hansen 1955 122. Nichols 1970 

93. Hansen 1955 123. Bryson, Irving & Larsen 1965 

94. Harington, Tipper & Mott 1974 124. Bryson Irving & Larsen 1965; Nichols 


1967 : 
95. Hansen 1955 Mp 3p WS 


DID 6 
96. Hansen 1950A, 1955 4 See 


126. Terasmae 1956 
WAI, ikem LOT 


376. Alley 1976 


128. Blake 1972 
YUKON 


129 Blakes Or? 


97. Matthews 1975B 130. Blake 1972 


98. Matthews 1975A; Lichti-Federovich 1973 isis Blake 1972, 1074 


132. Blake 1974 


153 Blake 
101. Terasmae & Hughes 1966; 

L A 2 

Terasmae 1968B, 1973 ei Gane 


99. Hughes 1969 
100. Terasmae & Hughes 1966 


135. Blake 1972 
136. Blake 1972 


102. Rampton 1971 


103. Hansen 1953 


| 63; Mu 
104. Hansen 1950A, 1953 Fey RS St 


38 Ja 1972 
367. Zoltai & Tarnocai 1975 i SES 


À 1972 
368. Zoltai & Tarnocai 1975 da RO 
140. Blake 1972 
141. Lyons & Mielke 1973 
142. Blake 1974 


143. Blake 1972 


NORTHWEST TERRITORIES 


105. Ritchie 1972B 
106. Ritchie 1972B 
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TABLE 1: (cont'd) 


144. Blake 1972 U7 Si5  Sieraoyatey INS) 7/7/ 
145. Falconer 1966 ITA Strong Loi, 
146. Terasmae, Webber & Andrews 1966 IPS  Sieretoyote] ILS) 7/7/ 
147. Miller 1973 ISA. Strong 19)77 
148. Miller 1973 176. Heusser 1956 
149. Miller 1973 LI, Sion) 1977 
150. Miller 1973 178 SELON LION 
151. Boulton, Dickson, Nichols, Nichols & IP)  Sreretoparey ILS)7/7/ 


Short 1976; Nichols 1975; Miller 1973 180. Strong 1977 


Wooo bene 27e 181. Schweger 1972 


1532) Nucholis 975 
369. Zoltai & Tarnocai 1975 


SASKATCHEWAN 
370. Zoltai & Tarnocai 1975 
371, Zolltan& Tarnoca 1975 182. Mott 1967 
372. Rowe, Spittlehouse, Johnson & 183. Mott 1973A 


Jaseniuk 1974-75 184. Kupsch 1960 


see Besa S lesroees 2273 185. DeVries & Bird 1965; Ritchie & DeVries 


374. Rowe, Spittlehouse, Johnson & 1964 


Tesenauis Tags TS 186. Terasmae 1973 


375. Jankovska & Bliss 1977 187. Mott 1973A 


188. Mott 1973A 


EEE 189. Mott 1973A 
154. Hansen 1952 USO}, Meyer IS)7/aho) 
155. Westgate, Fritz, Kalas, Delorme, 191. Ritchie 1976A 


Green, Matthews & Aario 1971 
156. Hansen 1952 


MANITOBA 
157. Hansen 1952 
158. Hansen 1952 192. Nichols 1967A, B 
159. Lichti-Federovich 1970 193. Mott 1973B 
160. Lichti-Federovich 1972 194. Mott 1973B 
161. Hansen 1949A OS NMRTECRIEMIOE 
162. Hansen 19492 196. Mott 1973B 


163. Hansen 1949B; Holloway & Valastro 1977 LOT RIEChI eNMOTE 
164. Hansen 1949B; Holloway & Valastro 1977 198. Nichols 1969 


165. Hansen 1949B; Holloway & Valastro 1977 199. Ritchie & Koivo 1975; Ritchie & Hadden 
1975 


200. Nichols 1969 


166. Hansen 1949B; Holloway & Valastro 1977 
167. Heusser 1956 

168. Heusser 1956 201. Klassen, Delorme & Mott 1967 
202. Ritchie 1967B 

203. Ritchie 1964, 1969 


204. Terasmae 1970 


169. Heusser 1956 
170. Hansen 1949A 
171. Hansen 1949A 


172. Strong 1977 205. Ritchie & Lichti-Federovich 1968 
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TABLE 1: (cont'd) 


ONTARIO 

206. Terasmae 1967C, 1973 

207. Terasmae & Hughes 1960B; Terasmae 
1968A 

208. Terasmae & Hughes 1960B 

209. Auer 1927; Penhallow 1896; Terasmae 
1958 (Part III); Terasmae & Hughes 
1960A, B 

210. Auer 1927 

211. Auer 1927; Terasmae & Hughes 1960A 

212. Terasmae 1970B 

213. Terasmae 1970B 

214. Terasmae & Hughes 1960A, B 

215. Terasmae 1967C 

216. McAndrews 1976B 

217. Bruland, Koide, Bowser, Maher & 
Goldberg 1975 

218. Bruland, Koide, Bowser, Maher & 
Goldberg 1975 

209) Maher 1977 

220. Terasmae 1967C 

221. Terasmae & Hughes 1960A 

222. Terasmae 1968A 

223. Terasmae & Hughes 1960A; Terasmae 1968A 

224. Boyko-Diakonow & Terasmae 1975 

225. Cwynar 1978 

226. Mott & Camfield 1969; Terasmae & 
Hughes 1960A 

227. Penhallow 1896 

228. Auer 1930; Mott & Camfield 1969 

229. Auer 1930; Potzger & Courtemanche 
1956A 

230. Terasmae 1965A 

231. Auer 1930 

232. Terasmae 1968A 

233. Terasmae 1968A, 1973 

234. Auer 1930 

235. McAndrews 1970, 1972, 1973 

236. McAndrews 1972, 1976A 

CS BETETE ;AColeman L895/10988; 


Radforth & Terasmae 1960; Terasmae 
1960B 


238. Byrne & McAndrews 1975; Finlayson, 
Byrne & McAndrews 1973; McAndrews, 
Boyko & Byrne 1974; McAndrews 1976A 


239. Karrow, Anderson, Clarke, Delorme & 
Sreenivasa 1975 


240. Karrow, Anderson, Clarke, Delorme & 
Sreenivasa 1975 


241. Sigleo & Karrow 1977 


242. Berti 1975; Dreimanis, Terasmae & 
Mackenzie 1966 


243. Lewis, Anderson & Berti 1966 


244. Hobson & Terasmae 1969; Karrow & 
Terasmae 1970 


245. Auer 1930 


QUEBEC 


246. Potzger & Courtemanche 1956A 
247. Potzger & Courtemanche 1956A 
248. Potzger & Courtemanche 1954B 
249. Potzger & Courtemanche 1956A 
250. Potzger & Courtemanche 1956A 
251. Potzger & Courtemanche 1956A 
252. Potzger & Courtemanche 1956A 
253. Potzger & Courtemanche 1956A 
254. Terasmae & Anderson 1970 
255. Vincent 1973 

256. Potzger 1953 

257 ee PPOEZGeTr L958 

258. Potzger & Courtemanche 1956B 
259. Potzger & Courtemanche 1956A 


260. Potzger 1953; Potzger & Courtemanche 
1954A, 1956A 


261. Potzger & Courtemanche 1956A 
AGA, Ieneateiere 058 


263. Potzger 1953; Potzger & Courtemanche 
1956A 


264. Potzger 1953 

265. Auer 1930 

266. LaSalle 1966; Terasmae & LaSalle 1968 
267. Potzger 1953 

268. Terasmae 1960A 
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269. 
270. 
2if lee 
PHP 
273) 
274. 
27 
276. 
PTL 
278. 
219% 
280. 
281. 
282. 
2887 
284. 
285. 
286. 
287. 
288. 
289. 
290. 
ASE 
29PE 
298 
294. 
2957 
296. 
29H 
298. 
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300. 
301. 
302. 
303. 
304. 


SUSE 
306. 
307. 
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Terasmae 1958 (Part II), 1960A 
Potzger 1953 

Terasmae 1958 (Part II), 1960A 
Terasmae 1960A 

Terasmae 1958 (Part I), 1960A 
Terasmae 1958 (Part II) 


Richard 1975A 


Terasmae 1960A 


Richard 1975A; Terasmae 1958 (Part IT) 


Terasmae 1960A 


Richard 1973C; Terasmae 1960A 


Richard 19730 
Mott 1977 
Mott 1977 
Richard 1975B 
Mott 1977 
Mott 1977 
Auer 1930 
Richard 1973A 
Auer 1930 
Richard 1971 
Richard 1971 
Richard & Poulin 1976 
Auer 1930 
Richard 1973B 
LaSalle 1966 
Richard 1973B 
Radforth 1945 
Potzger 1953 
Potzger 1953 
Potzger 1953 
Potzger 1953 
Potzger 1953 
Potzger 1953 


Livingstone 1968 


Prest, Terasmae, Matthews & 


Lichti-Federovich 1976 
Mott 1976 
Bowman 1931 


Terasmae, Webber & Andrews 1966 


Short & Nichols 1977 


309, Short & Nichols 1977 
310. Bartley & Matthews 1969 
312. Bartley & Matthews 1969 
313. Bartley & Matthews 1969 
314. Bartley & Matthews 1969 
NEWFOUNDLAND 

315. Short & Nichols 1977 
316. Short & Nichols 1977 
317. Short & Nichols 1977 
318. Short & Nichols 1977 
319. Jordan 1975B 

320. Wenner 1947 

321. Jordan 1975B 

322. Jordan 1975B; Wenner 1947 
323. Jordan 1975B 

324. Wenner 1947 

325. Wenner 1947 

326. Wenner 1947 

327. Morrison 1970 

328. Morrison 1970 

329. Morrison 1970 

330. Morrison 1970 

331. Mott 1975A 

332. Wenner 1947 


NEW BRUNSWICK 


S535 
334. 
335 
8367 
S37 
338. 
S395 
340. 
Sav 
342. 


NOVA 


343. 


Mott 1975D 
Mott 1975D 
Mott 1975D 
Mott 1975D 
Mott 1975C, D 
MoE 1975¢; D 
Osvald 1970 
Terasmae 1973 
Auer 1930 
Auer 1930 


SCOTIA 


Mott & Prest 1967 
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344. 
345. 
346. 


347. 
348. 
349. 
350 

351 
352. 
359 
354. 
355 
356. 


Livingstone & Estes 1967 
Livingstone 1968; Mott & Prest 1967 


Livingstone & Livingstone 1958; 
Mott 1971C; Schofield & Robinson 1960 


Livingstone 1968; Mott & Prest 1967 
Terasmae 1974 

Auer 1930 

Osvald 1970 

Livingstone 1968 

Hadden 1975 

Auer 1930; Ogden 1960 

Livingstone 1968 

Auer 1930 

Auer 1930; Livingstone 1968 


357. Auer 1930 
358. Terasmae & Mott 1971 


GREENLAND 


359. Fredskild 1973 
360. Fredskild 1973 
361. Kelly & Funder 1974 
362. Kelly & Funder 1974 
363. Kelly & Funder 1974 


364. Fredskild 1972, 1973; 
Iversen 1952-3 


365. Fredskild 1967 
366. Fredskild 1969, 1973 
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LATE QUATERNARY PALEOENVIRONMENTS OF EASTERN CANADA 
J. Gordon Ogden, III* 
INTRODUCTION 


The late Quaternary paleoenvironmental record of Eastern Canada (Ontario, Québec, and 
the Atlantic Provinces) has been the focus of numerous investigations since early surveys 
by Vaino Auer (see for example Auer 1930) for commercial deposits of peat. Recent reviews 
(Mott 1977; McAndrews 1976B; Ogden 1977A,B.; Richard 1977B) have shown that more than 300 
sediment sequences have been described, of which nearly 50 percent have been in Eastern 
Canada. Approximately 15 Eastern Canadian sequences have had three or more radiocarbon 
determinations from which sedimentation rates can be inferred. Six sequences include 5 or 
more determinations, a number deemed minimal by Ogden (1967B) for reliable determination of 
sedimentation rates for absolute pollen influx determinations. 

Many early studies (e.g., Potzger 1953; Potzger and Courtemanche, 1954, 1956; Potzger 
et al 1956) were based on arboreal pollen counts only, which makes the recognition of 
treeless or tundra paleoenvironments difficult. Deevey (1951) showed that non-arboreal 
components, such as sedge and grass pollen occurred in high proportions in the basal 
mineral sediments of deposits in northern Maine. Subsequent investigations have confirmed 
tundra or steppe-like conditions at the base of most deposits, including obligate high 
arctic herbs, such as Armeria labradorica (Ogden 1958; Richard 1977A). Terasmae (1976) has 
attempted to establish palynological criteria to categorize tundra environments. 

Increasing attention to paleoclimatic inferences has led to a number of recent symposia 
dealing with integrative problems of environmental reconstruction. A by no means 
exhaustive recent list includes: "Environmental Change in the Maritimes" (edited by J.G. 
Ogden III, and M.J. Harvey, 1975) sponsored by the Associate Committee on Quaternary 
Research of the National Research Council of Canada; "Amerinds and their Paleoenvironments" 
(edited by W.S. Newman and B. Salwen, 1977), sponsored by the New York Academy of 
Sciences, "Geobotany" (edited by R.C. Romans, 1977), sponsored by Bowling Green State 
University; and the "Troisième Colloque sur le Quaternaire du Québec", (edited by 
S. Occhietti, 1977). All of these conferences had a common goal, to integrate 
paleoenvironmental information from a wide variety of disciplines into more detailed and 
accurate reconstructions of the environments of early man, and the biota with which he was 
associated. 

There is no question that inferences are becoming more accurate, and reconstructions 
more sophisticated. This encouraging development is a consequence of three principal tools 


which have been developed in the past three decades: 
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1) Radiocarbon dating 

2 Digital computers 

3) Multivariate statistics. 

Although traditional training has left many palynologists ill-equipped to appreciate or 
capitalize on these tools, some spectacular "technology transfers' are occurring. There 
are 98 radiocarbon dating laboratories in the world (Radiocarbon 19(3), 1977), of which 
four are in Canada. An additional Canadian laboratory is not included in the International 
list. With processing capacities limited, it is obvious that the demand exceeds the supply 
of services. 

Radiocarbon dating, which was developed in the 1950s, permits the determination of the 
absolute age of organic material within the activity span of carbon 14. For most practical 
purposes, the limit is about 45,000 years, although special techniques are available to 
extend this somewhat. More particularly, multiple datings of sedimentary sequences permit 
calculations of absolute sedimentation rates and recognition of significant changes in 
sedimentation rate as a result of environmental change. More than 100 sediment sequences 
have been radiocarbon dated within the past 20 years. Unfortunately most sequences have 
only one or two determinations, which is insufficient to develop meaningful regression 
equations for the determination of absolute sedimentation rates. 

Table I is a preliminary list of radiocarbon-dated sequences in Eastern Canada. Lack 
of chronostratigraphic precision precludes the development of meaningful regional pollen 
sequences based on an absolute time scale. 

Another important technique which has become available is the increase in 
sophistication of sample preparation and counting techniques, spearheaded largely by 
M.B. Davis and her co-workers (Davis 1965, 1967; Davis et al. 1973), which have produced 
pollen diagrams based on absolute pollen influx rates (i.e. pollen grains per square 
centimetre per year). Simpler techniques outlined by Stockmarr (1971) make the method 
practical and feasible in most laboratories. More Canadian diagrams are being prepared as 
absolute pollen frequency diagrams (Green 1976; Mott 1977; Richard 1977B). These 
techniques eliminate the closed universe constraint for statistical manipulation of data 
based on ratios. I emphasize that use of this technique requires enough radiocarbon dates 
to provide absolute sedimentation rates. 

Concurrent with the development of these techniques is the proliferation of large 
computers able to manipulate massive data sets with mind-boggling ease. Prospects and 
pitfalls of new statistical applications to pollen data are briefly reviewed in Ogden 
(1977B). Unfortunately, few Canadian sequences have been attacked using the full power of 
these modern tools, although Green (1976) has applied time series analysis for recognition 
of forest fire sequences at Everitt Lake, Nova Scotia, the pollen record of which was 
analysed at approximately 50-year intervals throughout the entire postglacial sequence. 

Explosive development of larger and more powerful computers and software has provided 
the pollen analyst with tools of spectacular power. Manipulation of large data sets by 
powerful statistical treatments places an increasing responsibility upon the investigator 
to be sensitive to distributional problems associated with data sets of uneven quality 


(e.g. with or without non-arboreal pollen; moss polsters versus lake, bog, oak or 
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atmospheric samples; absolute and relative pollen counts; and counting to fixed or 
variable pollen sums). Application of multivariate statistical tools has enabled the use 
of transfer functions to contrast pollen records and vegetation types with climatic shifts 
such as weather generating air mass movements since deglaciation (Webb and Bryson 1972). 
Among the exciting possibilities inherent in these approaches are recognition of changes in 
length of growing seasons, as well as other climatic variables of plant growth and 
distribution. These problems and prospects are reviewed by Ogden (1977C). 

Although the prospects are exciting and the promise of additional refinement of new 
approaches is great, the somewhat uncharitable observation by Ogden (1977C) "It is a basic 
tenet of paleoecologists that the data set, consisting principally of pollen spores, 
diatoms, and other microfossils and the enclosing sediment is better than anything yet done 
with it" still remains disappointingly true. 

The following sections of this report outline preliminary results of an attempt to 


collate paleoecological information from Eastern Canada. 


LATE WISCONSIN PALEOENVIRONMENTS IN EASTERN CANADA 


Figure 1, adapted from Grant (1977), shows approximately the maximum ice position of 
late Wisconsin glaciation in Eastern Canada approximately 16,000 years ago. A significant 
characteristic of this reconstruction is that portions of the Cape Breton Highlands, 
eastern Prince Edward Island, and a corridor through the Cobequids in the vicinity of 
Parrsboro, Nova Scotia, appear to have been unglaciated during the last ice advance. 
Probably the separate Nova Scotian ice mass as shown in Figure 1 did not fuse with mainland 
New Brunswick ice, neither of which were continuous with the main Labradoran ice sheet. 
Evidence from the Cape Breton Highlands of Nova Scotia above the 350-metre level imply a 
lack of active ice in the vicinity. Observations include a lack of closed basins (e.g. 
kettles), integrated drainage, deep soils, very few residual erratics, and quartzite 
boulders thoroughly rotten as a result of long exposure to weathering. Soils tend to be 
rather deep and rather low in clay, further implying extensive periods of weathering. A 
search for appropriate sedimentary deposits to confirm these inferences is required. 

Although ice retreat had begun by 14,000 years ago, few if any sedimentary deposits 
were accumulating organic records at this time. Basal radiocarbon dates of approximately 
14,000 B.P. have been reported from sites in southern Ontario by Karrow and Anderson (1975) 
but are considered to be 1000 to 1500 years too old, perhaps due to carbonate carbon 
contamination. 

By 12,000 B.P., apparently all Highland ice had melted, and remaining ice in the St. 
Lawrence estuary was calving rapidly to form the Champlain Sea. Studies by Mott (1977) 
imply earlier deglaciation and invasion of the Champlain Sea than had previously been 
considered. Isostatic depression of the Bay of Fundy area produced extensive marine 
transgression in the Hirundo, Maine, area (Sanger et al. 1977) as well as the high level 
deltas in the Parrsboro area of Nova Scotia. Rapid crustal uplift resulted in emergence of 


the Fundy basin to several tens of metres below present sea level (Grant 1975). 
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FIGURE 1: Limits of ice sheets in eastern Canada (after Grant (1977)). 
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PRELIMINARY LIST OF PALEOENVIRONMENTAL DATA 


Table 2 is an incomplete list of sediment cores and basal radiocarbon ages as compiled 
to date. Several of these sequences have been coded for the Dalhousie University CDC-6400 
computer, for which a mapping program has been developed. Approximately 1500 surface 
samples are available within the geographic region between 50-100° W. and between 40-88° N. 
Although the data set is unevenly distributed on the ground, the mapping program permits 
correlation of surface pollen spectra with dated pollen spectra from sediment cores 
throughout the region to determine vegetational composition at specific time intervals. It 
is a continuing goal of the Eastern Canada project to be able to provide investigators with 
geographic confidence limits in paleoenvironmental reconstruction. Data provided for the 
Mapping program are either Spearman rank coefficients, or Pearson product moment 
coefficients. A subsequent report will deal with the particular constraints imposed by 
these statistical procedures. The mapping program permits the investigator to pre-select 
up to three levels of correlation for mapping purposes. Preliminary evidence indicates 
that correlation coefficients of .9 or greater provide grid resolution on the order of less 
than 100 sq. kilometres. While this is still too coarse for detailed environmental 


reconstruction, it is encouraging that very few exceptions are found. 
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TABLE 1: AGH-DEPTH REGRESSION OF SELECTED RADIOCARBON-DATED SEDIMENT SEQUENCES IN 


EASTERN CANADA. 


SITE COORDINATES NO. OF x(age) = ay(cm)P  r2 REFE RENCE 
DATES 
Ontario 
Boundary 45°34'N 5 a=3.837 99 Mott 1977 
Pond 70°40.5'W b=1.317 
Found 45°30'N 7 a=10.090 99 McAndrews 
Lake 78° 30'W b= 1.039 (unpublished) 
Quebec 
Unknown 45°36'N 4 a=46.593 78 Mott 1977 
Pond, 70°38'W b= .835 
Lac Colin 46° 43'N 5 a=82.948 095 Mott 1977 
70°17.5'W b= .726 
Lac Mimi 47° 29'N 6 a=3.831 -81 Richard & 
70°22.5'W b=1.278 Poulin 1976 
Lac Louis ain 3 a=25.133 .99 Vincent 1973 
b= .939 
New Brunswick 
Basswood 45° 15'N 3 a=20.26 -99 Mott 1975D 
Rd. L. 67° 19°W b= .993 
Little L. 45°09'N 4 a=33.127 98 Mott 1975D 
66°43'W b= .955 
Collins L. -- 4 a=20.410 98 Green 1976 
b= .914 
Nova Scotia 
Everitt L. -- 4 a=8.088 99 Green 1976 
b=1.211 
Minard's L. -- 4 a= .228 98 Railton 1972 
b=1.778 
Oak Hill L. -- 5 a=511.684 99 Railton 1972 
b= 2471 
Shaw's Bog 45°01'N 4 a=21.685 97 Hadden 1975 
64°11'W b= .926 
Frog Pond 45°20.8'N 5 a= .13170 99 Livingstone 
63°23.5'W b= .85956 (unpublished) 


230 


TABLE 2: PRELIMINARY LIST OF RADIOCARBON DATES ON SEDIMENT CORES FROM EASTERN CANADA. 
CORE RADIOCARBON AGE 
SITE COORDINATES DEPTH (YRS. B.P.) REFE RENCE 
(CM) AND LABORATORY NO. 

1 ee ee 

ONTARIO 

Harrowsmith 44°25'N 600 103907160 Terasmae 1970A 

Bog 76°42°W GSC 270 

Victoria Rd. 44°37'N 600 96007190 Terasmae 1970A 

Bog 78°57°W GSC 132 

Grieff Kettle 43° 25'N -- 119504350 Terasmae 1970A 

Bog 80°11'wW I/GSC/-29 

North Bay 46° 27'N 300 9570£#150 Terasmae 1970A 

Bog 79° 28'W sS- 100 

Wood L. 46° 12.9'N -- 96204250 Terasmae 1970A 

80°44.1 W GSC 606 

Blind River 46° 12.8'°N == 876074250 Terasmae 1970A 

Bog 82°56.3"W GSC 514 

Alderdale 46°03'N 450 6090285 Terasmae 1970A 

Bog 82°56.3'W GRO 1924 

Attawapiskat L. == 360 = Terasmae 1970A 

Maplehurst L. == 300 125004180 Mott & Foster 1977 
GSC 1156 

Louise L. 44°17'N 560 139007211 Karrow & Anderson 1975 

80°57" 30"Ww GSC 1151 

Roblin L. == 2S 105004160 Karrow et al. 1975 
GSC 925 

Erbsville Bog == == 10700+160 Karrow et al. 1975 
GSC 1006 

Sunfish L. =— => 10550#220 Karrow et al. 1975 
I 6452 

Cookstown Bog == 155 10200#150 Karrow et al. 1975 
ese Wl 

Wylde Lake Bog == == 108004180 Karrow et al. 1975 
GSC 1028 

Ballycroy Bog == —— 109004200 Karrow et al. 1975 
Gsc 1143 

Eighteen Mile = 378-398 106004160 Karrow et al. 1975 

River We Gsc 1127 
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TABLE 2. (Cont'd) 


CORE RADIOCARBON AGE 
SITE COORDINATES DEPTH (YRS. BP.) REFE RENCE 
(CM) AND LABORATORY NO. 
ONTARIO (Cont'd) 
Eighteen Mile => 292-308 10500 #150 Karrow et al. 1975 
River E. GSC 1126 
Kincardine Bog == 206.5- 7620 +70 Karrow et al. 1975 
208.5 GSC 1816 
Kincardine Bog == 300-317 10300 #200 Karrow et al. 1975 
GSC 1644 
Kincardine Bog == 300-317 106004150 Karrow et al. 1975 
GSC 1366 
Kincardine Bog == 405 11200+170 Karrow et al. 1975 
GSC 1374 
Champlain Sea == == 128004220 Mott 1977 
(Clayton Gravel Pit) GSC 1859 
QUEBEC 
Coffin I. == => 1032429 Presit ty aile 276 
1073+#29 Prest et al. 1976 
GSC 2453 
Portage du Cap, 47°14.5'N == 11300#160 Prest et al. 1976 
Amherst I. 61°54.3'W GSC 541 
Portage du Cap, 47°14.5'N == 35000 Prest et al. 1976 
Amherst I. 61°54.3'W GSC 256 
Portage du Cap, 47°14.5'N == 38000 Prest eb al. 1976 
Amherst I. 61°54.3'°W GSC 2313 
Boudreau I. == 250 == Prest et al. 1976 
Baie du Bassin, == == 10000 #130 Prest et al. 1976 
Amherst I. BGS 313 
St. Pierre —— == 6530071400 Mott & Prest 1967 
GRN 1799 
St. Pierre -- -- 6700 #100 Mott & Prest 1967 
GRO 1711 
Sept Iles -- -- 91407200 Mott 1976 
GSC 1337 
Rivière Manicougan -- = 19150+150 Mott 1976 
Valley I 3868 
Baie Comeau == == 88907150 Mott 1976 
GSC 1746 
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TABLE 2. 


(Cont'd) 


SITE 


QUEBEC (Cont'd) 


Baie Comeau 


LL LD LL 


LL LD LL 


Lake 


Lake 


Boundary 
Pond 


Boundary 
Pond 


Boundary 
Pond 


Boundary 
Pond 


Boundary 
Pond 


Unknown Pond 


Unknown Pond 


Unknown Pond 


Unknown Pond 


Lac 


Lac 


Lac 


Lac 


Lac 


Lac 


Dufresne 


Dufresne 


Colin 


Colin 


Colin 


Colin 


COORDINATES 


50°08'25"N 
67207" 5520 


50°08'25"N 
67°07" 55"W 


45°34'N 
70°40.5'W 


45°34'N 
70°40.5'W 


45°34'N 
70°40.5'W 


45°34'N 
70°40.5'W 


45°34'N 
70°40.5'W 


45°36'N 
70° 38'W 


45°36'N 
70°38'W 


45°36'N 
70° 38'W 


45°36'N 
70°38'W 


45°51'N 
70°21'W 


45°51'N 
70°21'W 


46° 43'N 
70°17.5'W 


46°43'N 
70°17.5'W 


46° 43'N 
HOON co W 


46°43'N 
70°17.5'W 


CORE RADIOCARBON AGE 
DEPTH (YRS. B.P.) 
( CM) AND LABORATORY NO. 
-- 9280+140 
GSC 1565 
168-172  3390+110 
GSC 2032 
335-345  6960+30 
GSC 1811 
82.5-88.5 1390+80 
GSC 1954 
167.5- 3080+120 
17205 GSC 1934 
257.5- 5720+130 
262.5 GSC 1895 
341-344  7750+150 
GSC 1932 
389-392 11200+200 
GSC 1245 
117.5- 2810+180 
122.5 GSC 1929 
512-518  4970+140 
GSC 1907 
685-688 12600+280 
Gsc 1404 
695-700 14800+200 
GSC 1339 
345-349  9660+140 
GSC 2345 
357-363 11200+160 
GSC 1294 
147.5- 3360+100 
152.5 GSC 2337 
296-300  4900+90 
GSC 2333 
468-472  6360+110 
GSC 2329 
664-668  8990+100 
GSC 2325 


REFERENCE 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


Mott 


1976 


1976 


1976 


OT. 


1977 


lo 


12)7/7/ 


1977 


1977 


1277 


17/7 


1977 


1977 


19717) 


1977 


Or 


1977 


1977 
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TABLE 2. (Cont'd) 


CORE RADIOCARBON AGE 
SITE COORDINATES DEPTH (YRS. BP.) REFERENCE 
( CM) AND LABORATORY NO. 

QUEBEC (Cont'd) 

Lac Colin 46° 43'N 688-694 11100+180 Mott 1977 
70°17.5'W GSC 2282 

Petit Lac 46°35'N 626-638 12640+ 190 Mott 1977 

Terrien 70936.5'W GSC 312 

Barnston Le. 45°06.7'N 485-495 11020+330 Mott 1977 
70°53'W GSC 420 

St. Narcisse = == 11000 Mott 1977 

Lac des -- 2700 13000+290 Mott & Foster 1977 

Bouleaux GSC 1344 

Lac des —— 2650 12400+170 Mott & Foster 1977 

Bouleaux GSC 1803 

Lac au -- 920 10700+310 Mott & Foster 1977 

Araignées GSC 1352 

Lac Colin 46° 43'N 670 8990+100 Mott & Foster 1977 

(see above) 70°17.5'W GSC 2325 

Lac Colin 46° 43'N 690 11100+ 180 Mott & Foster 1977 
70°17.5'W GSC 2282 

Montagnais 47°54'N 410-420 8510+140 Richard 1977B 
71°10'W GSC 1417 

Caribou 47°38'N 215-220 5145+105 Richard 1977B 
71°14'W 18139 

Malbaie 47° 36'N 190-200 8095+ 155 Richard 1977B 
70°58'W I 8137 

Mimi 47°30'N 425-435 9460+280 Richard 1977B 
70°22'W -- 

Mimi 47°30'N 455-460 10 180+330 Richard 1977B 
70°22'W QU 56 

Mimi 47°30'N 470-480 9770+260 Richard 1977B 
70°22'W QU 67 

Mimi 47°30'N 480-490 9945+225 Richard 1977B 
70°22'W E7159 

Mimi 47° 30'N 500-514 11050+460 Richard 1977B 
70°22'W QU 55 

Joneas 47° 15'N 380-390 7140+130 Richard 1977B 
71°10'W I 5083 
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TABLE 2. 


CORE RADIOCARBON AGE 
SITE COORDINATES DEPTH (YRS. B.P.) REFE RENCE 
( CM) AND LABORATORY NO. 

QUEBEC (Cont'd) 

Saint-Raymond 46°53'N 270-285 3550+ 120 Richard 1977B 
71°48'W Gif 1759 

Saint-Raymond 46°53'N 550-560 7970+ 140 Richard 1977B 
71°48'W GSC 1400 

Sud du Lac 46° 47'N 425-430 8230+270 Richard 1977B 

du Noyer 72°50'W 118825 

Sud du Lac 46°47'N 440-445 9205+385 Richard 1977B 

du Noyer 72°50'W I 8842 

Sud du Lac 46°47'N 448-455 9670+190 Richard 1977B 

du Noyer 72°50'W I 8497 

Baie des Onze 46°45'N == == -- 

Iles 73°08'W 

Wapizagonke 46° 43'N 560-570 9730+140 Richard 1977B 
73°02'W I 8496 

Gabriel 46° 16'N 645-650 7605+380 Richard 1977B 
73°28'W I 8785 

Gabriel 46° 16'N 700-705 7965+200 Richard 1977B 
73°28'W I 8784 

Gabriel 46° 16'N 725-733 9105+175 Richard 1977B 
73°28'W I 9038 

Rond 46° 13'N 340-350 7920+155 Richard 1977B 
74°31'W 192717 

Borne 46°00'N 550-555 5830+300 Richard 1977B 
74°22'W I 9452 

Borne 46°00'N 595-610 8570+215 Richard 1977B 
74°22'W I 9427 

Borne 46°00'N 610-630 8620+165 Richard 1977B 
74°22'W I 9281 

Tania 45°46'N 790-800 9380+130 Richard 1977B 
74° 18'W I 9278 

Tania 45°46'N 810-820 10000+195 Richard 1977B 
74° 18'W I 9279 

Lotbinière 46°36'N -- -- Richard 1977B 
71°46'W 

Dosquet 46° 27'N 580-590 8835+145 Richard 1977B 
71°30'W alo, 
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TABLE 2. (Cont'd) 
CORE RADIOCARBON AGE 
SITE COORDINATES DEPTH (YRS. B.P.) 
( CM) AND LABORATORY NO. 
QUEBEC (Cont'd) 
Saint-Benjamin 46°17'N 520-570 9100+150 
70°36'W 197156 
Albion 45°40'N 365-375 9005+150 
71°19'W I 8142 
Albion 45°40'N 445-455 10880+160 
71°19'W I 8141 
Shefford 45°21'N 505-515 11100+230 
72°35'W I 8839 
Shefford 45°21'N 543-550 11170+230 
72°35'W I 8840 
Shefford 45°21'N 565-575 11400+340 
72°35'W I 8841 
Lac des Roches 56°46'N 0-20 510+150 
Moutonnées 64° 49'W I 9064 
Lac des Roches 56°46'N 100-120 2600+170 
Moutonnées 64° 49'W I 9065 
Lac des Roches 56° 46'N 200-220 3510+175 
Moutonnées 64°49!W I 9066 
Lac des Roches 56°46'N 250-260 4090+250 
Moutonnées 64°49'W I 9067 
NEW BRUNSWICK 
Collins L. -- 33-45 910+90 
Dal 234 
Collins L. -- 122-133 2175+20 
Dal 236 
Collins L. — 242-256 5500+170 
Dal 238 
Collins L. -- 306-332 5450+200 
Dal 239 
Basswood Road L. 45° 15'N 500 9460+220 
67° 19'W GSC 1643 
Basswood Road L. 45° 15'N 630 11300+180 
67° 19'W GSC 1645 
Basswood Road L. 45° 15'N 650 12600+270 
67° 19'W GSC 1067 
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REFERENCE 


Richard 19 


Richard 19 


Richard 19 


Richard 19 


Richard 19 


Richard 19 


McAndrews 


McAndrews 


McAndrews 


McAndrews 


Green 1976 


Green 1976 


Green 1976 


Green 1976 


Mott & Fos 


Mott & Fos 


Mott & Fos 


77B 


77B 


77B 


77B 


77B 


77B 


& Samson 


& Samson 


& Samson 


& Samson 


ter 1977 


ter 1977 


ter 1977 


1977 


1977 


1977 


1977 


TABLE 2. 


(Cont'd) 


SITE 


NOVA SCOTIA 


Port Hood 


Port Hood 


Hillsborough 


Whycocomagh 


Bay St. Lawrence 


Shaw's Bog 


Shaw's Bog 


Shaw's Bog 


Shaw's Bog 


Everitt L. 


Everitt L. 


Everitt L. 


Everitt L. 


Curry Pond 


River 


Inhabitants 


River 
Inhabitants 


*A date of 


COORDINATES 


46°02'N 


6 1934.5'W 


46°02'N 
61°34.5'W 


46°04'N 
61°22'W 


45°58'N 
61°07'W 


47°01'N 
60°27'W 


45°01'N 
64°11'W 


45°01'N 
64°11'W 


45°01'N 
64°11'W 


45°01'N 
64°11'W 


45°40.75'N 
61° 19.58'W 


45°40.75'N 
61° 19.58'W 


>38,300 (GSC 283) is given 


CORE 
DEPTH 
(CM) 


335 


396 


12.5 m 


300-305 


500-505 


600-605 


670-675 


50-60 


150-160 


250-260 


450-460 


180-190 


4570 


RADIOCARBON AGE 
(YRS. B.P.) 
AND LABORATORY NO. 


11000+170 
Gsc 540 


11300+160 
Gsc 541 


>51000 
GSC 370 


>44000 
GSC 290 


39270* 
GSC 283 


4415+130 
1-7077 


6290+140 
I-7078 


8505+ 160 
1-7079 


9180+255 
I-7080 


1070+200 
DAL 208 


1940+ 180 
DAL 209 


7030+340 
DAL 210 


8080+410 
DAL 212 


8130+400 
DAL 232 


39000 
GSC 1406 


32100+900 
GSC 1408 


in Dyck et al. 


(1966, p.5). 


REFE RENCE 


Terasmae 1974 


Prest et al. 


Mott & Prest 


Mott & Prest 


Mott & Prest 


Hadden 1975 


Hadden 1975 


Hadden 1975 


Hadden 1975 


Green 1976 


Green 1976 


Green 1976 


Green 1976 


Green 1976 
1971B 


Mott 


Mott 1971B 


1976 


1967 


1967 


1967 


TABLE 2. (Cont'd) 


SITE 


NEWFOUNDLAND 


Grand Falls (L)* 
Grand Falls (L) 
Greenbush L. (L) 
Lac Aulneau/ 
Marymac L. (L) 
Sona L. West (L) 
Churchill Falls 


North (L) 


Churchill Falls 
South (L) 


* (L) = Labrador 
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COORDINATES 


5323 5N 
63°57'W 


53°36'N 
64° 19'W 


53°35'N 
64° 18'W 


CORE RADIOCARBON AGE 
DEPTH (YRS. BP.) 
(CM) AND LABORATORY NO. 
-- 1350+500 
SM 352 
70 3400+600 
SM 353 
= 5300+800 
SM 355 
-- 6400+900 
SM 356 
250 5575+250 
300 5255+200 
450 5440+ 200 


REFE RENCE 


Morrison 


Morrison 


Morrison 


Morrison 


Morrison 


Morrison 


Morrison 


1970 


1970 


1970 


1970 


1970 


1970 


1970 
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